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(57) ABSTRACT 

What is shown is ao animal blood anticoagulant compound 
useful in the meat packing industry generally, and in slaugh- 
terhouse operations, particularly. The anticoagulant is effec- 
tive when diluted with water at higher dilution ratios than 
earlier anticoagulants. In some field trials, this anticoagulant 
was at least as effective as previously known commercial 
anticoagulants when diluted by an additional 30%. The 
present anticoagulant preparation concentrate is an aqueous 
mixture of soft water (55.0^^-65.0/%, w/w); tetrasodium 
ethylene diamine tetraacetate (Na4EDTA) (0.59^^3.0%, 
w/w); sodium bexametaphosphate (17.0%-24.0%, w/w); 
citric acid (5.0%-9.0%, w/w); and sodium hydroxide 
(4.0%-7.0%, w/w) to obtain a balanced pH that provides 
optimal chelating and anticoagulant activity. Optimal anti- 
coagulant performance has been found to occur in the range 
of between pH 6.6 and pH 7.2. The degree to which the 
product may be diluted varies with the characteristics of the 
facility, the diluent water, the species of animal blood being 
treated, and the breed of the species, among other things. 
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ANTICOAGULANT COMPOSITIONS 
FIELD OF THE INVENTION 

The present inventioD relates to the field of anticoagulant 
compositions, generally, and to anticoagulant compounds 
adapted for use in slaughterhouses, more particularly. A 
method of making improved anticoagulant compositions is 
disclosed. In addition, a method of using anticoagulant 
compositions is described. Most specifically, the present 
disclosure teaches an improved method by which a selected 
mixture of chelating agents, or sequestering agents, may be 
used in a slaughterhouse as an animal blood anticoagulant. 

BACKGROUND OF THE INVENTION 

Anticoagulant compositions are used in slaughterhouse 
operations to permit the recovery of blood from the work 
area. In particular, the area where animals are killed and bled 
must be cleaned frequently to prevent the rapid accumula- 
tion of coagulated blood which could be removed only with 
great difSculty. 

Blood from slaughter animals was traditionally viewed as 
a low value component that is sometimes discarded or used 
for fertilizer. There is, however, an improving market for 
various whole blood constituents. Dried animal plasma 
proteins may be purified and used as a protein additive in 
many products, including confectionary and other food 
products for human consumption. In addition, dried animal 
red blood cells (RBC) are routinely added to dark breads in 
some European countries. 

Edible blood products can be produced for commercial 
use can be prepared from materials produced by meat- 
packing slaughter operations and other facilities such as 
poultry kill plants that are suitably inspected and monitored 
for food safety. Spray-dried whole blood, powdered red 
blood cells, spray-dried plasma, and serum protein can be 
incorporated into calf milk replacer products. Spray-dried 
plasma is a tan-colored, free-flowing powder that is approxi- 
mately 78% (seventy-eight percent) protein. 

In the absence of preventive measures, blood from 
slaughtered animals will coagulate quickly after being 
exposed to air. The accumulation of coagulated blood may 
be avoided by washing the area with large quantities of 
water, but doing so greatly diminishes the value of the 
product by greatly increasing the volume of liquid that must 
be processed. It is readily appreciated that separation of the 
desirable constituents of slaughterhouse blood from the 
undesirable ones (the most voluminous of which is water) 
may be carried out more cEBciently if the concentration of 
desired constituents is high. 

Techniques analogous to those of the milk processing 
industry can be used in collecting the blood of slaughter 
animals, storing it safely until it can be processed, and then 
processing it into desired fractions or products. For example, 
slaughter animals can be positioned so that the blood flows 
from the animal directly into stainless steel troughs, basins, 
channels, and conduits. An anticoagulant composition can 
be applied immediately, usually by spraying continuously 
onto the surface of a receiving trou^ situated below the 
animals. The anticoagulant keeps the blood in liquid form 
until the desired separation, purification, concentration, or 
other processing steps are performed. The treated blood can 
flow by gravity to a suitable collection or storage receptacle 
from which it may be pumped or hauled to a different 
location for processing. 

Effective anticoagulant application broadens the selection 
of processing methods that may be selected to prepare 
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desired products. Among other commonly used processing 
techniques, the treated blood may be separated using filtra- 
tion or centrifugation; dried by a variety of processes 
including spray drying, drum drying, and freeze drying; or 

s concentrated and purified using reverse osmosis. Products 
intended for human consumption, pharmaceutical, or labo- 
ratory applications are frequently processed with reverse 
osmosis. Dried RBC, liquid or dried plasma protein are 
prepared in substantial volume, particularly for use as pro- 

10 lein supplements in animal feeds, often mixed with proteins 
or selected amino acids from other sources. Blood protein 
may also be mixed with other proteins and formed into feeds 
or feed supplements. 
Offsetting the benefit of the higher concentration of blood 

15 solids in the collected material is the expense of piu-chasing 
the anticoagulant composition. Anticoagulant cost is an 
important consideration in determining which, if any, prod- 
uct to use. A single, modestly sized, meat packing facility 
might use 3,500 or 4,000 gallons of anticoagulant a week. 

20 The anticoagulant consumption rate is substantial and rep- 
resents a significant portion of the cost of the products that 
are ultimately marketed. 

Previously known anticoagulant preparations that have 
relatively low potency or anticoagulation activity can have 

^ higher handling costs as a direct result. Storing, 
conditioning, shipping, handling, pumping, and administer- 
ing anticoagulant preparations comprise significant costs. 
When lower activity anticoagulant preparations result in the 
necessity of using greater volumes of those materials, han- 

^ dling costs can be expected to increase. The fact that blood 
is a low value product makes it necessary to consider and 
control the costs of converting that product into marketable 
products. Anticoagulant application, handling, properties, 
and efficacy directly affect many of the steps required in the 
processing of animal blood. 

Another consideration is the effect of the anticoagulant 
upon other components of the blood handling system. Blood 
products must be filtered regardless of which anticoagulant 

^ is used. Accumulations of coagulated blood particles tend to 
build up in system filtration media at rates that depend, at 
least in part, on the anticoagulant used. Once the filtration 
media has become fouled with coagulated blood, it must be 
cleaned to resume operation. Similarly, the performance of 
centrifuges that are used to separate cellular particles from 
liquids containing dissolved solids is adversely affected by 
the accumulation of residue that adheres to the separating 
surfaces of the centrifuges. Much of the residue that accu- 
mulates on filters, in centrifuges, and on other blood han- 
dling system surfaces is coagulated blood that must be 
periodically removed in order to keep the system operating. 
Qeaning the blood handling system components is labori- 
ous and time-consuming. System component materials, anti- 
coagulant preparations, and other additives, that have the 

J J likelihood of reducing the amount of time required for 
cleaning centrifuges, prc-filters, bag filters, and other system 
elements are sought to improve efficiency and reduce the 
cost of obtaining the desired blood fractions and other 
products. 

60 Several anticoagulant compositions have been developed 
for various applications that include preservation of diag- 
nostic samples, among others. Heparin, Alsevers Solution, 
sodium citrate, and EDTA are commonly available antico- 
agulant laboratory reagents. 

65 Ethylene diamine tetraacetic acid (EDTA) has been suc- 
cessfully used as a chelating agent for a variety of purposes, 
and as an anticoagulation agent in laboratory settings, pri- 
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manly in connection with diagnostic blood testing ordered between 6.6 and 7.2. Chelating agents found to perfonn 

in conjunction with medical and surgical procedures. For satisfactorily in combination include tetrasodium EDTA, 

example, U.S. Pat. No. 4,090,977 issued to Dubin May 23, citric acid, and sodium hexametaphosphate. Although any 

1978 for his Osmotically Balanced Anticoagulant. Dubin alkali metal hydroxide can be used in the present 

made a preservative for whole blood comprised of an 5 anticoagulant, it has been found that sodium hydroxide and 

admixture of the free acid form of EDTA and an alkali metal potassium hydroxide are more desirable than are hydroxides 

salt of EDTA to obtain desired hematocrit values. made from other elements of the group. 

U.S. Pat. No. 4,529,614 to Bums issued Jul. 16, 1985 for It is possible to use the anticoagulant mixture described 

a One Step Anticoagulant Coating. The coating described by above in a method of reducing the unwanted coagulation of 

Bums contains silicone and EDTA; it is designed to be lO animal blood in slaughterhouses comprised of the steps of 

applied to the inner surfaces of plastic and glass blood test suspending a freshly killed animal from a moving conveyor 

vessels to make the treated surfaces hydrophobic and also to above a blood collection trough, the blood collection trough 

prevent coagulation. having an elongated axis directly below and parallel to the 

Ryan received U.S. Pat. No. 4,788,139 Nov. 29, 1988 for direction of conveyor movement, draining the blood from 

his Platelet Aggregation Reagent, Reagent Container and the animal into the trough while the conveyor moves. 

Method of Determining Platelet Aggregation in EDTA- spraying anticoagulant onto the surface of the trough and 

Anlicoagulated Blood. His reagent overcomes the antico- blood, the anticoagulant consisting essentially of an effec- 

agulation properties of EDTA in a blood sample and allows tive amount of tetrasodium EDTA with, an aqueous solution 

platelet aggregation of the sample to be evaluated. containing citric acid in the range of between about 0.40% 

U.S. Pat. No. 5,556,643, entitled Anticoagulant and about 20%, by weight, alkali metal hexametaphosphate 

Compositions, issued Sep. 17, 1996 to Bohanon, et al. and in range of between 1% and 6% by weight, and sodium 

is directed to products that can be used to treat animal blood hydroxide to adjust the pH to withm the range of between 

in slaughterhouses. The Bohanon et al. anticoagulant con- PH 6.6 and pH 7.2 The method may anticoagulant spray 

tains sodium hydroxide (NaOH), citric acid and sodium that is prepared from a concentrated solution and diluted 

hexametaphosphate. ^ s^ft; de-mmerahzed. disUUed, or de-ionized water by a 

, ... dilution factor m the range of between 4:1 and 20:1. Id some 

A commonly encountered problem with the presently , , . * * n * .u ™- * ™ „„u„i„k 

.... ' . , 1 , - .u , ,u „ - cases, it may be advantageous to dilute the mixture ma batch 

available commercial anticoagulants is that the composi- ' / ^ P , • 

aoas.end.ob„ad»pcn..nf„gewaUsaodto.Ifi,.ersand ^[^f™.^ r Z«l ^/"^fan; w 

and other components would be a distinct advantage. ^ mixing. , , . 

Sodium citrate, when used alone as an anticoagulant, must Accordingly, it is an object of the myention to provide an 
be appUed at relatively high concentrations, in die range of anticoagulant composition that is effective at lower concen- 
6% to 8% by weight. Aconsequence of the addition of large 35 '^^^ commercially available anticoagul^ts cur- 
amounts of sodifm citrate is that the ash content of the ^^''y ^» slaughterhouses to keep anmial blood liquid, 
resulting product may be substanUaUy higher than if anti- It is a second object of the invention to provide a method 
coagulants having greater activity are used. Increased ash of making an anticoagulant composition that is effective at 
restricts the uses for which the protein product is suited even lower concentrations than are the anticoagulants presently 
though the additional material may be inconsequential in 40 available commercially. 

other instances. It is a third object of the invention to disclose a method for 

^^r^.^ .^r^rr^^T^^^r ^siug au auticoagulaut composition in slaughterhouses to 

SUMMARY OF THE INVENTION ^^J^^^ ^lood of slaughtered animals from coagulating 

What is needed is an anticoagulant for use in slaughter- before it can be processed and separated into various usefiil 

houses that, compared to known anticoagulants, gives better 45 products. 

cost performance. A further need is for animal blood anti- It is a fourth object of the invention to provide an 

coagulant that has less tendency to cause build up on the anticoagulant preparation that, compared to previously 

surfaces of centrifuges and other blood processing known commercial anticoagulant products, has an equiva- 

equipment, including, without limitation, filters conduits, lent anticoagulant activity at a dilution ration that is 15% to 

and heat exchangers. Yet another need is for versatile, 50 20% higher than has been possible before the presently 

reliable, animal blood anticoagulant compounds that are disclosed composition. 

effective in relatively low concentrations to minimize the ,j ^ ^^^^^ ^f the invention to provide an aqueous 

amount of ash that is added to the fimshed products. A still anticoagulant preparation that may be used on avian, bovine, 

further need in the art is for an anticoagulant composition .^^ ^^^^^ ^p^-^^ 

that is effective at lower concentrations to minimize the 55 • .1. l- . r .u • . „ --j 

.... r . 1 1 , J J L .L jj-i- r It is a sixth obiect of the invention to provide a non- 

dilution of whole blood caused by the addition of antico- _ . " ^ \. . , , . ^ . , ^, 

^ frothing aqueous anticoagulant for applying to animal blood 

* . L , ■ f in slauditerhouscs. 

The present invention overcomes the limitations 01 the , °^ ... - , . -j 

anticoagulant compositions known in the art. Embodiments ^} ^ ^ object of the mvention to provide an 

accordSg to the pfesent disclosure meet the needs of those 60 anticoagulant that wiU result in the formation and deposition 

who use animal blood anticoagulants in the course of of less residue on centnfuge walls, 

preparing fractionated blood products. It is an eighth object of the invention to provide an 

An embodiment of anticoagulant according to the present anticoagulant that will increase the length of time that fillers 

disclosure can be prepared using a mixture of chelating and other equipment can operate between required cquip- 

agents or sequestering agents dissolved in soft water and the 65 ment cleaning procedures. 

pH adjusted with an alkali metal hydroxide to a range of It is a ninth object of the invention to provide an antico- 

between 6.0 and 8.0, and more preferably, to a pH range of agulant that has improved storage characteristics, better 
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temperature slability, and the property of withstanding 
repeated freeze-thaw cycles without performance degrada- 
tion and without impairment of either the physical or the 
visual properties of the product. 

Another objective is to provide a composition with opti- 
mal chelating activity. 

Another object of the invention is to provide an antico- 
agulant solution having a pH that Ls optimal for chelating 
activity and in which chelating agents included in the 
composition are optimally active. 

It is also an object of the invention to provide a packaged 
animal blood anticoagulant composition sufficiently concen- 
trated that it will perform satisfactorily when diluted by the 
user with water to a greater dilution factor than is possible 
to use with known anticoagulants. 

It is another object of the invention to provide an antico- 
agulant thai is miscible with water in all proportions. 

A further object is to provide an anticoagulant of which a 
substantial portion is made using soft water. 

It is yet another object of the invention to provide anti- 
coagulant preparations that are more cost-effective than are 
anticoagulant products presently available in the market- 
place. 

It is still another object of the present invention to disclose 
a method of manufacturing an anticoagulant that has better 
cost performance than do anticoagulants manufactured 
using previously known methods. 

Another object of the invention is to provide an antico- 
agulant that is suitable for use in products intended for 
human consumption. 

It is another object of the invention to provide an antico- 
agulant that can be manufactured readily at low cost using 
conventionally available processing and blending equip- 
ment. 

These and other objects are satisfied by an embodiment of 
the present disclosure as more fully set out in the following 
detailed description. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention as well as its objects and advan- 
tages can be illustrated by describing the new anticoagulant 
composition, the method of producing the new anticoagulant 
composition, and the method for using the new anticoagu- 
lant composition. 

My new anticoagulant composition for use in animal 
blood is an aqueous mixture of gras (generally recognized as 
safe) materials, tetrasodium ethylene diamine tetraacetate 
(Na4EDTA), hexametaphosphate, and citric acid, balanced 
to a pH that yields optimal activity. Although the composi- 
tion may exhibit anticoagulant activity when the pH is in the 
range between 5.5 and 8.5, it is believed performance is 
enhanced when the pH of the solution is in the range 
between 6.0 and 8.0. More preferably, it appears that optimal 
anticoagulant performance occurs in the range of between 
pll 6.6 and pH 7.2. 

The proportions of the ingredients were determined 
empirically with the aim of obtaining maximum chelating 
performance. The ingredients of this anticoagulant compo- 
sition may be provided in the following proportions: 
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INGREDIENTS 


% BY wEiGtrr 


Tetrasodium EDTA 


0.5-3.0 


Citric Add 


5.0-9.0 


Sodium Hexametaphosphate 


17.0-24.0 


Sodium Hydroxide 


4.0-7.0 


Water 


55.t>-*5.0 



The weight percentages shown above are those consid- 
ered optimum and are not to be construed as limitations. It 
is to be understood that some or all of the weight percentages 
shown could be varied by 25% or more and still obtain 
satisfactory anticoagulant characteristics. In addition, the 
weight percentages will necessarily change when one 
equivalent ingredient is substituted for another. For example, 
if potassium hexameuphosphate (KPOg)^ is substituted for 
the sodium hexametaphosphate (NaPOg)^ the formula 
weight would change from 611.17 to 708.44, an increase of 
'^^ 16%. It would be necessary for that reason to replace 24 
pounds of the (NaP03)6 with about 28 pounds of the 
(KPOj)^ to maintain the same activity level. 

llie present anticoagulant product is made by dissolving 
the citric acid completely in a portion of the water and then 
2^ adding the Na4EDTA with vigorous agitation. It is preferred 
to use water that is void of hardness to obtain optimum 
anticoagulant activity. Embodiments of the present disclo- 
sure may be prepared using soft water, de-ionized water, 
distilled water, or de-mineralized water, all of which are 
^'^ deemed equivalent for .the objects hereof. It is anticipated 
that the cost of softened water will be less than the cost of 
water that is made void of hardness by other methods. 

A robust mechanical and/or recirculating agitation system 
is essential during the production of this anticoagulant. 

A portion of the NaOH can then be added carefully. The 
exothermic acid/base reaction brings about a 20° to 40" F. 
temperature rise and changes the appearance of the mixUire 
from milky to clear. The remainder of the soft water is then 
added followed by the slow addition of (NaPOj)^ to the 
mixture at the point of maximum agitation. 

If the (NaPOa)^ is added too rapidly, if it is added at a 
region of inadequate agitation, or if the mixing unit does not 
have adequate agitation capacity, it is likely that agglom- 
eration of the hexametaphosphate will occur. If the 
(NaPOa)^ agglomerates, the time required for it to com- 
pletely solubilizc will increase significantly. 

After the aqueous mixture is completely dissolved, the 
final portion of the sodium hydroxide is added to bring the 
5Q pHoto the desired range. The exothermic reaction brought 
about by adding the final portion of the NaOH will cause a 
15° to 20° F. temperature rise. It is believed that anticoagu- 
lant activity of the preparation will be optimal when the pH 
is adjusted to a value in the range between about 6.7 and 
55 about 6.8. 

Other equivalent compounds may be substituted for the 
materials specifically identified in this disclosure. In 
addition, substimte materials known to those skilled in the 
art may be adapted to function in place of those specifically 
60 identified without departing from the teachings of this 
specification and the appended claims. Examples of some of 
the equivalent substitute constituents for the present antico- 
agulant preparation are described below: 

Citric acid may be replaced by tartaric acid, succinic acid, 
65 fumaric acid, and by other polycarboxylic acids. 

Sodium hexametaphosphate can be replaced by hexam- 
etaphosphate of other alkali metals, with potassium hexam- 
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etaphosphate beiog a substitule that is likely to be available a. adding an amount of water to a vessel that is about 20% 

commercially. Additional compounds that are deemed to be to 30% by weight of the amount of anticoagulant being 

equivalent substitutes for the purposes of this disclosure prepared, 

include alkali metal glassy phosphates and alkali metal b. dissolving an effective amount of citric acid in a range 

polyphosphates; examples of such compounds include 5 between 5.0% and 9.0% of the amount of anticoagulant 

sodium pyrophosphate (Na4P207) and potassium pyrophos- t>eing prepared to the water with vigorous agitation, 

phate (K4P2O7). Alkali metal tripolyphosphate, likewise, c. adding to the mixture, and dissolving with vigorous 

can be substituted in this anticoagulant preparation for the agitation, an effective amount of alkali metal EDTA in 

preferred sodium hexametaphosphate. tbe range of between 0.5% and 3.0% by weight of the 

Some, and perhaps all, of the substitutes identified above 10 ^ ^'^^"^t, anticoagulant bemg prepared, 

will exhibit \L than optimal performance for various rea- ^- ^^'^^^y ^^dmg with agitation ^" ^dium 

.ns.ForexamplereplL^^^^^^^ Kl^riT^^^^^^^^^^^ 

hexametaphosphate with o^er acids and polyphosphates ^^^^^^^^ with agitation to bring 

would reduce the efficacy of the product because both the ^^^^ ^^^^j ^^^^^ ^^^^^ ^^^^ the mixture withiS 

solubihty of the chelatmg agent and the chelatmg strength 15 ^^^^ ^^^^^ ^^^^^^ ^^^^^^ 55^^ ^^^^ ^5^^ by 

would be somewhat dimimshed. ^^j^l^j amount of anticoagulant being prepared. 

Having described the preparation of the product in the f ^^^^^y adding to the vigorously agitated mixture, at the 

foregoing paragraphs, it is to be appreciated that the anti- region of maximum agitation, an effective amount of 

coagulant can be packaged in pails, drums, tanks, and other alkali metal hexametaphosphate that is in the range of 

containers adapted for goods of this type. At the destination ^0 between about 17.0% and 24.0% by weight of the 

meat packing facilities, water can be added to prepare a amount of anticoagulant being prepared, 

diluted anticoagulant working solution that can be sprayed g carefully adding with agitation an effective amount of 

onto the raw blood and used to rinse equipment and work sodium hydroxide to adjust the pH to a value in the 

surfaces. Some widely used existing commercial anticoagu- range of between pH 6.6 and pH 7.2 that provides 

lant products may also be diluted. The anticoagulant of the optimal chelating activity. 

present disclosure, diluted by an extent in the range between 7, jhe method of making an aqueous animal blood 

about ten percent (10%) and about thirty percent (30%) anticoagulant preparation defined in claim 6 wherein sodium 

greater than the dilution of known products in the prior art, hydroxide is added to adjust the pH to a value in the range 

appears to perform at least as well as, or better than, existing of between 6.70 and 6.80. 

products. The higher dilution factors that can be used with g. The method of making an aqueous animal blood 

the product disclosed result in a reduction in the amount of anticoagulant preparation defined in claim 6 wherein the 

effort that must be expended to handle this product, as much alkali metal hexametaphosphate is sodium hexametaphos- 

as '/3 less, than the amount required to ship, store, transport, phate. 

pump, mix, and use currently available anticoagulant prod- 9 jhe method of making an aqueous animal blood 

ucts. anticoagulant preparation defined in claim 6 wherein the 

Changes and modifications in the specifically described alkali metal hexametaphosphate is potassium hexameta- 

embodiments can be carried out without departing from the phosphate. 

scope of the invention which is intended to be limited only 10. The method of making an aqueous animal blood 
by the scope of the appended claims. ^ anticoagulant preparation defined in claim 6 wherein the 

That which is claimed is: water is soft water. 

1. An aqueous animal blood anticoagulant preparation 11. 'Ilie method of making an aqueous animal blood 
consisting essentially of: anticoagulant preparation defined in claim 7 wherein the 

a. a water portion in the range of between 55.0% and water is soft water. 

65.0% by weight, 12. The method of making an aqueous animal blood 

b. an alkali metal EDTA portion in the range of between anticoagulant preparation defined in claim 8 wherein the 
0.5% and 3.0%. water is soft water. 

can alkali metal hexametaphosphate portion in the range 13. A composition made by combmmg: 

of between 17.0% and 24.0% by weight, aqueous solution contammg citric acid m the range 

d. a citric acid portion in the range of between 5.0% and 50 °^ ^''^^^^^ ^^^^ ^0*^^' ^^^^ht with, 

9.0% by weight, and ^- tetrasodium EDTA in the range of 0.5% and 3.0% by 

e. a sodium hydroxide portion effective to bring the weight, 

animal blood anticoagulant preparation to a pH in the c. alkali metal hexametaphosphate in the range of 

range between pH 6.6 and pH 7.2. between 17% and 24% by weight, and 

2. An animal blood anticoagulant according to claim 1 55 d. sodium hydroxide to adjust the pH to within the range 
wherein the alkaH metal EDTA is tetrasodium EDTA. of between pH 6.6 and pH 7.2. 

3. An animal blood anticoagulant according to claim 1 14. The composition of claim 13 wherein the alkali metal 
wherein the alkali metal hexametaphosphate is sodium hex- hexametaphosphate is sodium hexametaphosphate. 
ametaphosphate. 15- The composition of claim 13 wherein the alkali metal 

4. An animal blood anticoagulant according to claim 1 60 hexametaphosphate is potassium hexametaphosphate. 
wherein the alkali metal hexametaphosphate is potassium 16. A method of reducing the unwanted coagulation of 
hexametaphosphate. animal blood in slaughterhouses comprised of the steps of: 

5. An animal blood anticoagulant according to claim 2 a. suspending a freshly killed animal fi-om a moving 
wherein the alkaH metal hexametaphosphate is potassium conveyor above a blood collection trough, the blood 
hexametaphosphate. 65 collection trough having an elongated axis directly 

6. A method of making an aqueous animal blood aatico- below and parallel to the direction of conveyor 
agulant preparation comprising the steps of: movement, 
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b. draining the blood from the animal ioto Ibc trough 
while the conveyor moves, 

c. spraying an anticoagulant onto the surface of the trough 
and blood, the anticoagulant consisting essentially of; 

i. an aqueous solution containing citric acid in the range 
of between about 0.4% and about 2% by weight 
with, 

ii. letrasodium EDTAin the range of between 0.5% and 
2.0% by weight. 



17. The method defined in claim 16 wherein the antico- 
agulant used for spraying is prepared from a concentrated 
solution that is diluted with soft water by a dilution factor in 
the range of between 4:1 and 20:1. 

18. The method defined in claim 17 wherein the antico- 
agulant is prepared by metering concentrated anticoagulant 
into a diluent supply conduit, mixing in-line, followed by 



spraying the anticoagulant. 
19. The method defined in claim 18, further comprised of 

iii. alkali 'metal he xametaphosph ate in the range of the step of conveying the col leaed blood to a receptacle for 
between 1% and 6% by weight, and storage. 

iv. sodium hydroxide to adjust the pH to within the 

range of between pH 6.6 and pH 7.2. ♦ * ♦ • • 
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(57) ABSTRACT 

It is described a new method for the preparation of phar- 
maceutical tablets carrying poorly soluble in water principle; 
this method allows to obtain tablets with fast and/or slow 
release of the active principle. The peculiar featuire is the fact 
that the poorly soluble in water active principle (es: 
nifedipine) is treated with a surfactant, during the granula- 
tion phase or whatever during the preparation process; the 
obtained product, subjected to a compression, produces 
pharmaceutical tablets which show high bioavailabiUty of 
the carried active principle. This procedure can be used to 
prepare polymeric matrixes (with modified release), formed 
by tablets with one or more layers. The procedure of 
manufacture and die characteristics of the new finished 
tablet are described. 

4 Claims, 1 Drawing Sheet 
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CONTROLLED RELEASE 
PHARMACEUTICAL TABLETS 
CONTAINING AN ACTIVE PRINCIPLE OF 
LOW WATER SOLUBILITY 

FIELD OF THE INVENTION AND STATE OF 
THE ART 

Biological active agents poorly soluble in water or in 
biological fluids have always represented remarkable prob- 
lems of bioavailability when they are administered in phar- 
maceutical formulations for oral use. 

This problem happens both in the case of preparation of 
fast release tablets and, mostly, in the case of tablets and/or 
whatever of therapeutic systems from which the active 
principle has to be released in an extended interval of time. 

In fact, in the case of so-called "retard" tablets, the very 
low solubility of the drug produces a very changeable 
release speed of the active principle from the pharmaceutical 
formulation and, as consequence, a changeable and wrong 
absorption and, therefore, therapeutical effect. 

Practically the dissolution speed of the active principle 
results as the restrictive factor of the absorption process and 
the followed therapeutic activity. 

Many attempts have been carried out to modify the 
parameters which influence the dissolution speed of a bio- 
logical active and poorly soluble agent. 

The employment of micronized active agents, which 
show so wide superficial area, results widely utilized and 
well known by the expert of the art. 



Different methods have been carried out to increase the 
dissolution speed of poorly soluble active agents like, for 
example, the transformation of the active substances from a 
crystalline to an amorphous state which represents, usually, 
an increase of the solubility and so of the dissolution speed 
too, for example the 1-acetoxy-ethyl-cefuroxime 
(axetyloefuroxime) (v. Gouda M. W. et al: Drug Develop. & 
Ind: Pharm. 3, 273, 1977). 

To obtain similar results dathrates or inclusion complexes 
with polymers like polyvinylpyrrolidone, 
10 polyoxyethylenglycol, polyvinylalcohols, celluloses and 
derivatives have been prepared and in particular the com- 
plexes with cyclodextrins have provoked a lot of interest, 
even if it has to be underlined that these modifications 
involve a great increase of weight of the pharmaceutical 
formulation because at least a ratio of 1:1 molar between the 
drug and the polymer is usually utilized. 

A wide series of possibilities to increase the dissolution 
speed of poorly active principles is described in the test 
"Technique of solubilization of drugs" of S. H. Yalkowsky- 
M. Dekker New York 1985. 

A different technique to increase the dissolution speed of 
not very soluble active agent is claimed in the Italian patent 
no 1.188.165 (see application no 20474 A/85) and in the 
Italian patent no 1.246.188 and in the U.S. Pat. No. 5,476, 
654 in which it is used a procedure to load the poorly soluble 
drug on a support formed by hydrophylic swollen polymers 
or through a co-mixing and/or co-grinding process. 

Nevertheless, all these methods allow to obtain an 
increase of the dissolution speed of an active principle but 
they don't guarantee a better bioavailability of the same, in 
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In fact, the process of dissolution of an active agent is 30 particular, when this poorly soluble active principle, is 



regulated of the Noyes and Wilhney law which is usually 
expressed in the following form: 



rfc 



DS(Cs - C) 
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wherein 

dc/dt-dissolution speed; it is the quantity of agent that 

dissolves in the unit of time 
Dodiffusion coefficient of the substance (depending from the 

molecular weight, from the viscosity of the medium, from 

the temperature, etc.) 
h-thickness of the diffusion layer 

S=tolal superficial area exposed to the medium of dissolu- 
tion 

Cs-concentration of the agent in the difftision layer 
C»concentration of the drug in solution in mass. 

Procedures of micron ization have been used to increase 
the dissolution speed of a lot of active principles like, for 
example: chloramphenicol palmitate, terfenadine, 
nitrofurantoine, naftazone, griseofulvine, even if, in this last 
case, an increase of the dissolution speed gives a great 
increase both of the activity but mostly of the toxicity of the 
product. 

Also in the case of nifedipine, a drug widely used in the 
treatment of hypertension, it is known that a rapid effect of 
the dmg can be obtained by using the micronized product, 
while by using the active principle in a greater granulometry 
or more precisely with a superficial area lower than 5 m^/g 
it is obtained a retard in the dissolution speed and therefore 
a slower absorption speed and, consequently, a retarded 
therapeutical effect. This last procedure to obtain slow 
release pharmaceutical formulations has been claimed in 
German patents 2,209^26 and DE Al 3,033,991 even if the 
active agent with a precise granulometry and/or with a 
superficial area under the limits described in the quoted 
patent is particulariy complex and not easily standard izable 
to obtain. 
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carried out in a pharmaceutical formulation for oral use. 

Like above mentioned, an increase of the dissolution 
speed of a poorly soluble drug is necessary for the prepa- 
ration of fast-release tablets, but mostly for modified-release 
tablets, in order to allow that the absorption of the drug is not 
limited from the speed of its solubilization. 

In the particular field of the controlled or modified release, 
the systems able to release the active principle at constant 
speed during time, namely systems that are usually defined 
with zero-release kinetics, are great important. 

In fact, for example, in the case of hydrophilic matrixes, 
which form the class of the most utilized and diffused 
pharmaceutical formulations, the release of the drug shows 
at the beginning the fast release of a dose fraction ("burst 
effect"), phenomenon which has to be avoided because it can 
determine the outbreak of toxic effects linked to excessive 
absorption. 

To avoid the "burst effect" different solutions have been 
proposed and adopted like to save a fraction of the matrix 
surface with a waterproof layer, at least for a determined 
interval of time, like described in the U.S. Pat. No. 4,839, 
177 and U.S. Pat. No. 5,422,123. 

A different solution to the problem of the "burst effect" is 
the suggestion to add, in the formulation of the hydrophilic 
matrix, ionizable, pharmaceutically acceptable, compounds. 

This last solution is reported in the U.S. Pat. No. 5,419, 
917 in which it is described that the employment of polar 
substances m an hydrophilic matrix shows a great reduction 
of the dissolution speed of the active principle carried in the 
hydrophylic matrix. 

DESCRIPTION OF THE INVENTION 

Now we have unexpectedly found, and it is the object of 
the present industrial patent, that, the use of particular 
concentrations of swface- active agents in a hydrophilic 
matrix, allow to obtain an increase of the dissolution speed 
of a poorly soluble drug and, in this way, also an improve- 
ment of the absorption and bioavailability of the active 
principle carried in this matrix. 
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These systems of matrix release, composed by phaima- 
ceulical tablets of one or more layers, ooe of which contains 
the active principle, can be produced by using precise 
productive and high industrial reproducible technologies. 
Moreover, we have, unexpectedly found that these systems 
do not determine "burst effect" and especially, they allow to 
eliminate the variability of the absorption caused by differ- 
ences in the granulometry of the poorly soluble active 
principle. 

In this way we have carried out and experimentally 
proved a new therapeutic system, with modified and con- 
trolled release, thai solves the problem of the "burst effect" 
bound to the matrix systems. This system shows innovative 
advantages of safety and therapeutic eflBcacy, because the 
release of the active principle happens in a complete and 
reproducible way and the absorption results effective and 
high, like it is showed by the data relative to the plasma 
concentrations (C„„), obtained after the administration to 
the healthy volunteer, as it will be reported in the examples 
of the present patent. 

Object of the present invention is a tablet of one or more 



Said surfactants can be added to the active agent either 
with simple mixing or, in the case of a previously prepared 
granulated, using other components, too, like coadjuvants. 
These surfactants can be added, for example, to the binder 
solution, like it is well known in the prior art. 

These hydrophyle or surfactants substances are included 
in the pharmaceutical formulation in a percentage from 1% 
to 40% of the weight of the treated layer, preferably from 2% 
to 30%. 

As polymeric substances in the preparation of said layer 
10 (or nucleus) can be used, for example, reticulated 
polyvinylpyrrolidone, hydroxypropylmethylcellulose, 
reticulated sodium carboxymethyl-cellulose , 
carboxymethylstarch, potassium methacrylate- 
divinylbenzene copolymer, polyvinyl alcohols, hydroxypro- 
j5 pylcellulose at molecular weight from 2,000 to 4,000,000, 
carboxyvinylpolymers, glucanes, scleroglucanes, mannanes, 
galattomannanes, gellanes, xanthanes, alginic acid and 
derivatives, polyanhydrydes, polyaminoacids, poly-(methyl 
vinyl ethers/maleic anhydryde), carboxymethylcellulose and 
derivatives, ethylcellulose, methylceUulose and in general 
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layers one of which, at least, carries the active principle cellulosic derivatives, starchs, starch derivatives, alfa, beta. 



while the other one, or the others layers, have mostly the 
function of barrier with the purpose to modulate, for a 
determinable period of time, the release of the carried drug 
from the layer including the drug (For the geometry of the 
systems with more layers it refers back to what described in 
the above U.S. Pat. No. 5,422,123). 

One of the characteristics of the tablet of the invention 
consists in the fact that in the preparation of the treated layer 
(or nucleus), beyond the active principle and a surface -active 
agent, also polymeric substances are utilized able to modu- 
late (to slow down and/or to speed up) the release of the 
active principle. 

As poorly very soluble in water substances (which show 
a solubility at 20** C. less then 50 mg/ml) many drugs can be 
used, including, in order to illusurate and not to limit: 
nifedipine, ricardipina, nitrendipine, nimodipine, niludipine, 
nilvadipine, nisoldipine, fenofibrate, naftazone, terfenadine. 

These poorly soluble in water active substances are 
included in the treated layer (or nucleous) in a percentage 
from 9 to 80% of the weight, preferably from 20 to 60%. 

Tlie system is characterized by the fact that in the prepa- 
ration of said nucleus or layer which containing the active 
principle, surfactant substances or substances with hydro- 
philic characteristics of acceptable pharmaceutical type, are 
used, selected from the group consisting of: 
anionic surfactants 
cationic surfactants 
non-ionic surfactants 

polyoxyethylenglycols (PEG) with molecular weight from 

200 to 200,000 
copolymers to polyoxyethylenic/polyoxypropylenic blocks 

(Poloxamer) 

N, N', N", N'" tetra-(polyoxyethylen)(polyoxypropyIen) 

diaminoethylene (Tetronic, Poloxamine) 
dimethylpolysiloxane (Simethicone). 

In order to illustrate and not to limit, the substances with 
surfactant properties, the following ones arc reported: 
sodium lauryl sulphate, aluminium monostereate, sodium 
cetostearyl sulphate, magnesium and ammonium lauryl 
stearate, mono-, di-, triethanolamine laurylstearatc, 
glycerylmonostearate, glycerylmonoleate, lauromacrogols 
(polyethoxylated lauryhc alcohol), polysorbates of different 
pharmaceutical degree (they usually contain from 20 to 120 
mols of C2H4O), esters of sorbitane with fatty acids, 
alkyldimethyl-(phenylmethyl) ammonium hydrochloride, 
cholesterol, bile acids and relative salts or esters or 
derivatives, lecilhines, nonoxynoles or macrogolnonylphe- 
nylethers (polyethoxylated nonylphenols). 
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gamma cyclodextrins and in general dextrin derivatives. 

These polymeric substances form from 3% to 90% of the 
weight of the layer (or nucleous), but preferably from 5% to 
50%. 

For all above polymers, many types characterized by 
different chemical and physical properties, solubihty and 
gelling are present in the market, in particular, regarding the 
hydroxypropylmethylcellulose many types with different 
molecular weight (from 1,000 to 4,000.000) and different 
level of substitution can be used. Said types of hydroxypro- 
pylmethylcellulose show different characteristics because 
they are usually erodible and able to produce gels, by the 
way of the viscosity and the degree of substitution (D.S.) 
shown in the polymeric chain. 

At least, usually in pharmaceutical technique excipients 
hke: mannitol, lactose, sorbitol, xylitol, talc, stearic acid, 
sodium benzoate, magnesium stearate, colloidal silica and 
others like glyceryl monostearate, hydrogenated ricine oil, 
waxes, mono, bi-, trisubstituted glycerides, 
glycerilpahnitostearate, glyceryl behenate, cetylic alcohol 
^ can be used. 

When it is desired to allow the penetration of water and/or 
aqueous fluids in the layer or nucleous, hydrophilic diluents 
are included like mannitol, lactose, starchs of different 
source, sorbitol, xylitol, or to carry in the formulation 
moistening substances and/or in general favouring the pen- 
etration of water in the compact. When it is desired to slow 
down the penetration of water and/or aqueous fluid in the 
treated layer or nucleus, hydropholic diluents are included 
like glyceryl monostearate, hydrogenated castor oil, waxes, 
mono-bi-trisubstituted glycerides. Moreover substances can 
be used like diluents, binders, lubricants, buffers, not 
adhesives, glydants, plasticizers and other substances, able 
to give to this layer the wanted characteristics like in the 
examples afterwards reported. 

The pharmaceutical tablets of the invention have the 
advantage to release the carried active principle in a pro- 
grammed way. 

The system, in the simplest achievement, is a tablet with 
one or more layer at least one of which contains the active 
agent. ' 

The formulation of the "barrier" layers includes poly- 
meric substances and coadjuvants and plasticizer sub- 
stances; when this tablet is of three layers called "barrier", 
they either can be similar one each other both for the 
composition and the thickness or they can be different. 

The polymeric substances carried out in the different 
"barrier layers" are reported in the previous description of 
the nucleus or treated layer. 
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Tliese polymeric substances occur in a percentage from 
5% to 90% of the total weight of this layer and preferably 
from 50% to 90%. 

Similarly, for the preparation of said layers, the coadju- 
vant substances previous described can be utilized. 

It is possible to produce these systems with one or more 
layers, by using installations and equipments of widely 
consolidate use in pharmaceutical field and able to assure a 
safe and precise realization of the system with not much 
expensive cost (es: Elisabeth Hata). 

Over these finished tablets, further polymeric coating 
material can be applied in order to cover the system, and to 
allow a proleclioD for the tablet or a protection against light 
for the photosensitive active principle carried by this tablet 
or it can be a further slowing down in the beginning phase 
of the release. 

Said coating can be soluble in an acid medium or perme- 
able or it can be gastric resistant and enterosoluble, in order 
to allow the activation of the system only after the arrival of 
the tablet in the intestinal tract. 

For the coating of these systems, the classical materials 
for the sugar coating or either natural and/or synthetic 
rubbers, like shellac, sandarac rubber, etc. or lypophylic 
material like natural waxes (white or yellow) or semi- 
synthetic derivatives can be used. 

Moreover film forming polymeric materials can be used, 
like: cellulose derivatives (hydroxypropylmethylccUulose, 
hydro xyethylcellulose, hydroxypropylcellulose and their 
derivatives), acrylic and mcthacrylic copolymers of different 
molecular weight. In order to obtain the gastric resistance, 
many materials can be employed, like: zein, cellulose 
acetophthalate, cellulose acetopropionate, cellulose 
trimellilate, polyvinyl acetate phthalate, acrylic and mcth- 
acrylic polymers and copolymers of different molecular 
weight and with a solubility that depends from different 
values of pH. 

Said materials can be applied on the finished pharmaceu- 
tical formulation (tablet with one or more layers) through the 
classic method of film coating by using solutions in organic 
solvents or aqueous dispersions and working with a basin for 
atomization or in fluidized bed. 

Said both gastric-soluble or gasUric-resistant and entero- 
soluble materials can be employed in association with other 
relardant polymers and in association with other substances 
which have the function of plasticizers like: triethylcitratc, 
diethylphlhalate, benzylbenzoale, dibutylsebacate, sorbitol, 
propylenglycol, diacetin, triacetin, dibulylphthalate, 
tributylacetate, castor oil, cetyl alcohol, cetylstearyl alcohol, 
falty acids, polyoxyclhylenglycols, usually selected from the 
group having a molecular weight from 200 to 200,000. 

The coating layer can be applied, too, through the method 
of dry coating by using the above descTxbed materials, 
possibly previously granulated, like every expert of the field 
well knows. 

The examples and the obtained results in the described 
experimental trials put better in evidence the characteristics 
and the functionalities of the new system. In any case, the 
innovation of the realization is characterized by the fact that 
the claimed therapeutic system can be obtained by using the 
usually productive technologies, thai is the system is trans- 
ferable in an industrial process. 

BRIEF DESCRIFnON OF THE DRAWINGS 

FIG. 1 shows the drug release in percent on the starting 
whole content, during the time, for the tablets according to 
Example 1, 2, and 3. 

FIG. 2 shows a drug release in percent on the starting 
whole content, during the time, for the tablets according to 
Example 4, 5, and 6. 
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EXAMPLE 1 

Preparation of a series of (5,000) tablets containing nife- 
dipine 60 mg as active principle. 
5 1-a-Composition of the first layer: 



% weight 



20 



Nifedipine (0.5 m^/g) 


60.0 mg 


41.66 


Lactose monohydiate (JUS? grade) 


40,0 mg 


27.77 


HydlrOTypropylmethylccllulosc 


20.0 mg 


13.88 


(Mcthoccl KlOO M, Colorcon, Oipington, 






UK) 






Polyvinylp>Trolidonc ^lasdone K29-32, 


10.0 mg 


6.94 


I.S.P., Wayne, NY, USA) 






Sodium laurylsulphate 


10.0 mg 


6.94 


Magnesium Etearate (C. Erba, MiJano, I) 


2.0 mg 


1.4 


Colloidal silica (Syloid 244, Grace 


2.0 mg 


1.4 


GmbH, Worms, D) 






Total 


144.0 mg 





1-b-Composition of the second layer: 



HydroxypropylmethyloclluJose 


36.65 


mg 


(Mcthocel E50 Premium, Colorcon, 






Orpington, UK) 






Lactose monohydrate (US? grade, C. 


38.15 


mg 


Erba, Milano, I) 






Glyceryl behenate (Compritol SSSATO 


18.80 


mg 


Gattefossc Saint Priest, F.) 






Polyvinylpynolidone (Plasdone K29-32 


5.00 


mg 


ISP Corp., WB>Tie. NY, USA) 






Yellow iron oxyde (Eingemann- 


0.10 


mg 


Veronelli, Milano, I.) 






Magnesium steaiate (USP grade, C. 


0.90 


mg 


Erba, Milano, 1.) 






Colloidal silica (Syloid 244, Grace 


0.40 


mg 


GmbH, Woinis, D) 






Total 


100.0 


mg 
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A quantity of granulate necessary to obtain 5,000 tablets 
with two layers is prepared. 
The procedure of manufacture consists in the preparation 

45 of a wet granulate by using sigma mod. Erweka type K 5 
mixer (Frankfurt a. M., D.), and by welting the mixture of 
powders with an aqueous solution of polyvinylpyrrolidone 
at 10% (w/v) in which (in the case of the granulate of the first 
layer) the sodium laurylsulphate has been solubilized. The 

50 granulate is dried in a fluid bed apparatus (Aeromatic mod. 
Strea) and then added up by lubricants. 
1-c-Prcparation of systems with two layers (by 
compression). 

55 The obtained granulates, like previously reported and 
according schemes well known by all the experts of the field, 
are carried out on the two charging hoppers of a rotary 
compression equipment which is suitable to produce two 
layer tablets (es. Elisabeth Hata). In particular in the first one 

60 the described granulate at 1-b point is carried; while in the 
second charging hopper the previously described granulate 
at 1-a point is carried. 

The compression equipment, equipped with punches of 
7.0 mm of diameter, is regulated in order to produce systems 

65 with two layers which are formed by a first layer of 144.0 mg 
containing the active principle (60 mg nifedipine) and by a 
second layer of 100 mg of barrier granulate. 



us 6,221,395 Bl 



8 



l-c -Coaling process of systems with two layers. 
Composition of the coating: 



Copolymer of the acrylic Bnd 


10.70 


mg 


mctacrylic acid (Eudragit L30 D Rohm 






Pharma, D) 






Triethylcitrate (C, Erba, Milano, I) 


1.60 


mg 


Iron oxyde 


0.20 


mg 


Total 


12.50 


mg 



10 



The film forming process is done by using a coating 
apparatus (a basin) for rapid coatiag (Manesty Accela-Cota) 
by spraying, through an "air less" system an aqueous dis- 
persion at the 30% of acrylic and metacrylic acid copolymer 
(Eudragit L 30 D) in which the triethylacetate is solubilized. 

A temperature of about 40-50° C. is used for the entrance 
air, according to the known art, obtaining tablets completely 
covered by a uniform coating film of the previously reported 
polymeric materials. 



20 



EXAMPLE 2 

Preparation of a series of (5,000) tablets containing Nife- 
dipine 60 mg as active principle. 

A two layers tablet is prepared with a composition exactly 25 formulation described in the example 1 result^ bioequivalent 



weight deeply modifies the release speed of the active 
principle. In particular in the example 1 hydroxypropylm- 
clhylcetlulose is used at high molecular weight (Methocel K 
100 M,) in the example 2 hydroxypropylmethylcellulose is 
employed at medium molecular weight (Methocel K 15 M) 
and in the example 3 at low molecular weight (Methocel K 
4M) (see RG. 1, too). 
"In vivo" trials 

In order to estimate the characteristics of bioavailability 
of the active principle carried out in the pharmaceutical 
formulation described in the example 1, a "cross over" 
experiment has been done with 12 healthy volunteers by 
using the medical speciality Procardia XL, as reference 
formulation, containing the same quantity of nifedipine. 

In particular the following parameters has been deter- 
mined: 

C„„=maximum haematic concentration (peak) in ng/ml 
T^i-time to achieve the peak 
AUC(o-inf)-area under curve from 0 to infinity 

The results are expressed as percentage in respect to the 
reference formulation. 
C«<^91.0% 
T™«^73.3% 
AUC (o-inf)-90.9% 

From the "in vivo" reported data, the pharmaceutical 



identical to that reported in the example 1 with only the 
substitution in the first layer formulation of the hydroxypro- 
pylmethylcellulose (Methocel K 100 M,) 20.0 mg with an 
identical quantity of hydroxypropylmethylcellulose 
(Methocel K 15 M). The second layer maintains identical 
composition. 

EXAMPLE 3 

Preparation of a series of (5,000) tablets containing Nife- 
dipine 60 mg as active principle. 



in respect to the reference formulation, being AUC clearly 
over the 80%. 

EXAMPLE 4 

Preparation of a series of (5,000) tablets containing Nife- 
dipine 60 mg as active principle. 

A two layer tablet is prepared with a composition exactly 
identical to that reported in the example 1 with the only 
substitution in the first layer formulation of the quantity of 



Atwo layere tablet is prepared with a composition exactly 35 sodium laurylsulphate used: instead of 10.0 mg 15.0 mg are 



identical to that reported in the example 1 with only the 
substitution in the first layer formulation of the hydroxypro- 
pyhnethylcellulose (Methocel K 100 M,) 20.0 mg with an 
identical quantity of hydroxypropylmethylcellulose 

(Methocel K 4 M). The second layer maintains identical ^ Preparation of a series of (5,000) tablets containing Nife- 



employed. The method of production is the same too. The 
second layer maintains identical composition. 

EXAMPLES 
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composition. 
f-Oissolution test 

Example no 1, example no 2, example no 3: 

In order to estimate the characteristics of the active 
principle release by the prepared and described systems in 
the example 1, 2, and 3, the apparatus 2 is used, paddle(USP 
XXII) by working at 100 r.p.m. and using as dissolution fluid 
1 1 of buffer solution at pH 6.8 formed by tris-hydroxy- 
methylaminomethane O.IM, which contains 1% of polysor- 

bate 80. The release of the active principle is followed 

through the spectrophotometric UV determination by using 50 jjp^jg gQ Q,g active principle. 



dipine 60 mg as active principle. 

A two layer tablet is prepared with a composition exactly 
identical to that reported in the example 1 with the only 
substitution in the first layer formulation of the quantity of 
sodium laurylsulphate used: instead of 10.0 mg, 20.0 mg are 
employed. The method of production is the same too. The 
second layer maintains identical composition. 

EXAMPLE 6 

Preparation of a series of (5,000) tablets containing Nife- 



an automatic system of sampling and reading (Beckman). 
The results of the trials are reported in table 1. 

TABLE 1 





% released 


% released 


% released 


Time (h) 


Example 0*1 


Example n°2 


Example n'3 


1 


3.8 


8.1 


8.1 


2 


9.2 


24.6 


25.0 


3 


15.4 


47.7 


62.7 


4 


25.8 


79.2 


91.5 


5 


42.3 


96.1 


97.3 


6 


53.5 


98.5 


99.7 


8 


81.5 


99.1 


101.0 


10 


97.3 
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From the analysis of table 1, it's evident that the utiliza- 
tion of hydroxypropylmethylcellulose of different molecular 



A two layer tablet is prepared with a composition exactly 
identical to that reported in the example 1 with the only 
substitution in the first layer formulation of the quantity of 
sodium laurylsulphate used: instead of 10.0 mg, 30.0 rag are 
employed. The method of production is the same too. The 
second layer maintains identical composition. 
Dissolution test 

Example no 4, Example no 5, Example no 6 
In order to estimate the characteristic of the active agent 

^ release by the prepared and described systems in the 
example 4, 5, and 6, the apparatus 2 is used, paddle(USP 
XXII) by working at 100 r.p.m. and using as dissolution fluid 
1 1 of buffer solution at pH 6.8 composed by tris-hydroxy- 
methylaminomethane O.IM, which contains 1% of polysor- 

65 bate 80. Ihe release of the active agent is followed through 
the spettrophotomctric UV determination by using a auto- 
matic system of sampling and reading (Beckman). 
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The results of Ihe trials are reported in table 2. 



TABLE 2 





% release 


% release 


% release 


Tune (h) 


Example ii''4 


flxamplc o.'^S 


Example n'^ti 


1 


6.6 


6.8 


16.9 


2 


12.9 


15.4 


50.8 


3 


23.1 


43.1 


83.8 


4 


41.5 


71.9 


96.2 


5 


61.5 


90.7 


99.6 


6 


79.2 


99.5 




7 
8 


SS.5 
96.2 






9 


99.2 






10 


100.3 







From the analysis of table 2 it appears evident that the 
employment of growing quantities of sodium laurylsulphate 
in the preparation determines a great increase of the of 
release speed of the active principle from the pharmaceutical 
formulation (see FIG. 2, loo). 

EXAMPLE 7 

Preparation of a series of (5,000) tablets containing Nife- 
dipine 60 mg as active principle. 
7-a-Composition of the first layer: 



% weight 



Nifedipine (0.5 m^/g) 


60.0 mg 


41.66 


Lactose monohydrate (USP grade) 


30.0 mg 


20.83 


Hydroxypropylmelhylcellulose 


30.0 mg 


20.83 


(Methocel KlOO M, Coloroon, 






Orpington, UK) 






Polyvinylpyrrolidone (Plasdone K29- 


IQ.O mg 


6.94 


32, 1.S.P., WajTie, NY, USA) 






Polyaxycthylcn glycol 


10.0 mg 


6.94 


(Gattcfosse Saint Priest, V) 






Magnesium stcaiatc (C Erba, 


2.0 mg 


1.4 


MUano, I) 






Colloidal silica (Syloid 244, Grace 


2.0 mg 


1.4 


GmbH, Worms, D) 






Total 


144.0 mg 





7-b-Composition of the second layer: 



1,395 Bl 

10 

mixer (Frankfurt a. M., D.), and by wetting the mixture of 
powders with an aqueous solutions of polyvinylpyrrolidone 
at 10% (w/v) in which (in the case of the granulate of the first 
layer) the polyoxyethylenglycol has been solubilized. The 
5 granulate is dried in a fluid bed apparatus (Aeromatic mod. 
Strea) and then added up by lubricants. 
7-c-PreparatioD of systems with two layers (by 
compression). 

The obtained granulates, like previously reported and like 
schemes well known by all the experts of the field, are 
carried out on the two charging hoppers of a rotary com- 
pression equipment which is suitable to produce two layers 
tablets (es. Elisabeth Hata). In particular in the first one the 
described granulate at 7-b point is carried; while in the 
second charging hopper the previously described granulate 
at 7-a point is carried. 

The compression-equipment, equipped with punches of 
7.0 mm of diameter, is regulated in order to produce systems 
with two layers which are formed by a first layer of 144.0 mg 
including the active principle (like 60 mg nifedipine) and by 
20 a second layer of 70 mg of barrier granulate. 

EXAMPLE 7 

Dissolution test. 

In order to estimate Ihe characteristic of active principle 
release by the prepared and described system in the example 
7, the apparatus 2 is used, paddle(USP XXII) by working a 
100 r.p.m. and using as dissolution fluid 1 1 of distilled water, 
which contains 1% of polysorbate 80. The active principle 
release is followed through the spectrop ho tome trie UV 
determination by using an automatic system of sampling and 
■^'^ reading (Beckman). 

The results of the trials are reported in table 3 



TABLE 3 



40 



45 





% released 


Tunc (li) 


Example d°7 


1 


2.2 


2 


5.0 


4 


12.0 


6 


21.4 


8 


31.2 


10 


40.4 


12 


49.5 


16 


67.4 


20 


84.6 


24 


98.8 



% weight 



Hydroxypropylmethy Icel lulose 


26.77 


mg 


38.34 


(Methocel E50 Premium, Colorcon, 








Orpington, UK) 








Lactose monohydrate (USP grade, C 


26.77 


mg 


38.34 


Erba, Milano, I) 








Glyceryl behenate (Compritol 


12.89 


mg 


18.41 


888Aro Gattcfosse Saint Priest, F.) 








Polyvinylpyrrolidone (Plasdone K29- 


2.45 


mg 


3.5 


32 ISP Corp.. W^yite, NY, USA) 








Yellow iron oxyde (Eingemann- 


0.07 


mg 


0.1 


Veronelli, Milano, I.) 








Magnesium stcaiatc (USP grade, C. 


0.70 


mg 


1 


Erba, Milano, L) 








Colloidal silica(Sy!oid 244, Grace 


0.35 


mg 


0.5 


GmbH, Worms, D) 








Total 


70.0 


mg 





A quantity of granulate necessary to obtaining 5,000 
tablets with two layers is prepared. 

The procedure of manufacture consists in the preparation 
of a wet granulate by using sigma mod. Erweka type K 5 



*'In vivo" trials 

In order to estimate the characteristics of bioavailability 
of the active principle carried in the pharmaceutical formu- 

5Q lation described in the example 7, a "cross over" experiment 
has been done with 12 healthy volunteers by using the 
medical speciality Procardia XL, as reference formulation, 
containing the same quantity of nifedipine. 

In particular the following parameters has been deter- 
mined: 

" C_,andAUC 

The results are referred as percentage compared to the 
reference formulation: 
C„_123.3% 
AUC (D-inf)-90.8% 

^ From the "in vivo" reported data, the pharmaceutical 
formulation described in the example 7 results bioequivalent 
in respect to the reference formulation, being AUC cleariy 
over the 80%. 

What is claimed is: 

65 LA pharmaceutical tablet for oral adminisiration, able to 
release under controlled speed, nifedipine, said tablet, con- 
sisting essentially of at least one first layer obtained by 
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compression of a mixlure of ingredients in the form of a 
powder or granulate, said first layer comprising 9% to 80% 
by weight of nifedipine based on the total weight of said first 
layer, said first layer further comprising sodium lauryl 
sulfate at a ratio of 6:1 by weight of the nifedipine and 3% 5 
to 90% of hydroxypropylmethylcellulose having a viscosity 
of 100,000 cps; one or more barrier layers which comprise 
from 5% to 90% of a component selected from the group 
consisting of pharmaceutically acceptable and biocompat- 
ible polymeric substances, based on the total weight of said 
barrier layer or layers having either the properties to swell or 
to form gels or slowly erode in contact with water or 
aqueous fluids and which control the release of the active 
principle, and a coating layer which completely covers said 
at least one first layer and said barrier layer, said coating 
layer comprising a copolymer which comprises acrylic and 
metbacrylic acid. 

2. A pharmaceutical tablet for oral administration, able to 
release under controlled speed, an active principle, having a 
water solubility at 20" C. which is lower than 50 mg/ml, said 
tablet consisting essentially of at least one first layer 20 
obtained by compression of a mixture of ingredients in the 
form of a powder or granulate, said first layer comprising 
9% to 80% by weight of the active principle, based on the 
total weight of said first layer, said first layer further com- 
prising sodium lauryl sulfate at a ratio of 6:1 by weight of 25 
the active principle and 3% to 90% of hydroxypropylmeth- 
ylcellulose having a viscosity of 100,000 cps; one or more 
barrier layers which comprise fi"ora 5% to 90% of a com- 
ponent selected from the group consisting of pharmaceuti- 
cally acceptable and biocompatible polymeric substances, 
based on the total weight of said barrier layer or layers 
having either the properties to swell or to form gels or slowly 
erode in contact with water or aqueous fluids and which 
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control the release of the active principle, and a coating layer 
which completely covers at least one first layer and said 
barrier layer, said coating layer comprising a copolymer 
which comprises acrylic and metbacrylic acid. 

3. The pharmaceutical tablet of claim 2, wherein the 
active principle is selected from the group consisting of 
nifedipine, nicardipine, nitrendipine, nimodipine, 
niludipine, nilvadipine, nisoldipine, fenofibrate, nafiazone, 
and terfenadine. 

4. A pharmaceutical tablet for oral administration, able to 
release under controlled speed, an active principle selected 
from the group consisting of nifedipine, nicardipine, 
nitrendipine, nimodipine, niludipine, nilvadipine, 
nisoldipine, fenofibrate, uaftazone, and terfenadine, said 
tablet consisting essentially of at least one first layer 
obtained by compression of a mixture of ingredients in the 
form of a powder or granulate, said first layer comprising 
9% to 80% by weight of the active principle based on the 
total weight of said first layer, said first layer further com- 
prising sodium lauryl sulfate at a ratio of 6:1 by weight of 
the active principle and 3% to 90% of hydroxypropylmeth- 
ylcellulose having a viscosity of 100,000 cps; one or more 
barrier layers which comprise from 5% to 90% of a com- 
ponent selected from the group consisting of pharmaceuti- 
cally acceptable and biocompatible polymeric substances, 
based on the total weight of said barrier layer or layers 
having either the properties to swell or to form gels or slowly 
erode in contact with water or aqueous fluids and which 
control the release of the active principle, and a coating layer 
which completely covers at least one first layer and said 
barrier layer, said coating layer comprising a copolymer 
which comprises acrylic and metbacryhc acid. 

* * * m * 
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PRODUCT BASED ON INORGANIC OR 
ORGANIC PARTICLES BEARING AN 
XNDOUN&BASED PRODUCT 

This is a divisional applicaaoo of S<x. No. 08/117 
filed Dec. 29. 1993 now U,S. Pat No. 5.496.543 which 
claims (he benefit of PCr/FR93/0003 1 filed Jan. 13, 1993. 

The present invention relates to a product in the form of 
inorganic or organic partidcs containing an indoline-bascd 
product in CH- on the particles ta a process for preparing it and 
to its use in cosmetics, in particular for making up flic 
cxoskeleton and/or the skin and protecting ttic human epi- 
dermis against UV radiation. 

Pigments based on metal conq>ounds. such as, for 
example, black and brown iron oxides, are generally used in 
makeup compositions for the skin and the exoskeleton. 
These pigments are not however, completely harmless, and 
pigments capable of presenting fewer problems in their 
cosmetic applicatioD are consequently sought. 

It is also desired, on some occasions, to be able to impart 
to tiie hair a coloration whidi can. if necessary, be removed 
veiy rapidly. 

The Applicant has just discovered that it was possible to 
prepare in vitro a product in the form of a powder composed 
of inorganic or organic particles containing, in and/or on the 
particles, one or more indoUnc-based products resulting 
fi:om the oxidative polymerization of at least one con^xxind 
of the indoline family defined below. 

He discovered that the use of this product in particle form 
was especially advantageous in as mudi as these particles, 
when introduced into a cosmetically acceptable medium, 
distribute well in then composition, which spreads readily 
on the exoskeleton or the sldn and diq)lays considerable 
covering power. 

He also found that the product ther^y obtained pos- 
sessed an especially advantageous coefficient of absorption 
of ultraviolet radiation. 

Lastly, the presence of indoline-based product, resulting 
from the oxidative polymerization of at least one indoline 
compound, makes it possible to obtain cdorations of the 
final product which are e^>ecially advantageous in their use 
in cosmetics, inasmuch as the colorations capable of being 
obtained with the pigments which were available and com- 
patible with cosmetic i^lication were relatively limited. 
Tlic colorations ther^y obtained arc especially stable to 
UghL 

The term "indoline-based product" or 'Mndoline-based 
polymer" will be used hereinafter to denote tiie product 
obtained by oxidation of at least one indoline defined below. 

The subject of the present invention is hence a powder 
consisting of inorganic or o^anic particles containing an 
indoline-based product in and/or on dte particles. 

Another subject of the invention consists of the prepa- 
ration of such a powder. 

The subject of the invention is aUo the cosmic appli- 
cation of such powders, in particular in products for making 
up the skin and die exoskeleton and for protecting the human 
qndermis against UV radiation. 

The term "exoskeleton" according to the invention will 
be used to denote the hair, hairs sudi as eyelashes and 
eyebrows and the nails. 

Other subjects of flic invention will become apparent on 
reading the description and examines which f<^ow. 

The product according to the invention is essentially 
characterized in that it takes the form of a powder consisting 
of inorganic or organic particles whose largest dimension is 
less than 200 miaons and which contains, in and/or on the 




particles, a synthetic indoline-based product formed in situ 
by oxidative polymerizaUon of at least one indoline. 

The indoline-based product results from the oxidation of 
at least one compound of the indoline family, coiicsponding 
3 to the formula: 

0) 
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in which: 

and R3 rcprcsenU independently of one another, a 
hydrogen atom or a C1-C4 alkyl group; 
Rj represents a hydrogen atom, a Ct-C4 alkyl group or a 
carboxyl or (Cj-C* alkoxy)carbonyl group; 
20 denotes a hydrogen atom or a C1-C4 alkyl. hydroxyL 
(C1-C4 alkoxy). amino or Ci-C,o alkylamino or halo- 
gen group; 

Rj denotes a hydrogen atom or a hydroxyl. Cj-C* alkoxy 

or amino group; 
at least one of the radicals R4 or R, denoting a hydroxyl. 
alkoxy or amino group; with the proviso that when R, 
denotes an amino group. R4 cannot denote an alky- 
lamino radical; 



25 



30 R4 and Rj can also form a Cj-Cj alkylenedioxy ring, and 
arc at positions 5 and 6; 
as well as flie ccnesponding salts. 
Among the conqxxinds corresponding to the formula (I), 
the prefoTcd compounds used according to the invention are 

33 chosen from 5,6-dihydroxyindoline, 6-hydroxy indoline. 
5 .6-methylenedioxyindoline. 7-methoxy-6-hydroxy 
indoline. 6.7-dihydroxyindolinc, 5-hydroxy-4-methoxy 
indoline. 4.5-dihydroxyindoline, 5-methoxy-6-hydroxy 
indoline. 4-hydroxy-5-mcthoxyindoline, 5-hydroxy-6- 

40 mrthoxy indoline. 4.7-dihydroxyindc4inc. 6-aminoindolinc, 
N-ethyl-4-hydroxyindoline. l-ethyl-6-araino-indoline. 5.6- 
diaminoindoline. l-methyl-6-aminoindoline. 2-metiiyl-6- 
aminoindoline, 3-methyl-6-arainoindolinc. 2racthyl 5,6- 
diaminoindoline. 5-chloro-7-aminoindoline, 3-mcthyl-5,7- 

45 diaminoindoline. 5.7-dianunoindolinc. 2methyl-5.7- 
diaminolndoline. 7-aminoindolinc. 2-methyl-7 -amino 
indoline. 4-aminoindoline. 4-amino-6-chloroindoline 
4-amino-6-iodoindoline. 4-amino-S-bromoindoline 

4- amino-5-hydroxyindoline. 4-amino-7-hydroxyindoline 
50 4-amino-5-nicthoxyindoline. 4-amino- 7-inethoxyindoUne 

5- amino indoline, 23-dimethyl-5-aminoindoline. 1-mefliyl 
5-aminoindoline. 2-methyl-5-amlnoindoline. 5-[N-(l 
methyl hexyl)amino]indoline. 5.6-dimethoxyindoline and 
5 .6-dihydroxy-2-carboxyindoline. 

SS The salts oftheabovcmcntioncd compounds are cosmeti- 
cally acceptable salts, chosen especially from the 
hydrochlorides, hydrobromides. sulfas and mcthane- 
sulfonates. The hydrobromides of the above compounds are 
especially prefened. 

60 The indoline-based products can also result from flie 
cooxidation of at least one defined indoline and at least one 
indole derivative. Hie latter may be chosen from noono- and 
dihydroxyindoles or aminoindoles as arc described, more 
especially, in Patent EP-A-239.826 and Patent Applications 

65 EP-A-425 J45 and GB-A-2.224.754. 

These indoles correspond, more especially, to the for- 
mula: 



3 




Ru 



in which: 

R« aod R, denote. indq^ndcnUy of one another, a hydro- 
gen atom or a C1-C4 alkyl group; 
R7 rqrescDts a hydrogen atom, a C1-C4 all:yl group, a 

caiboxyl group or a (CX-C4 alko;iy)carboayl group; 
Rq and R,2 denote, independently of one another, a 
hydrogen atom, a hydroxyl group or a C1-C4 aU^l. 
amino. (C,-C4 alkoxy). (C2-C4 acyOoxy or (C3-C4 
acyl)amino group; 

denotes hydrogen or a hydroxyl. (C^-C^ alkoxy). 
(C,-C4 alkyl), halogen, amino. (C2-Ci4 acyl)oxy. 
(C3-C4 acyl)amino or trimethylsUyloxy grot^; 

denotes hydrogen or a hydroxyl (Cy-C^ alkoxy). 
amino. (C2-C4 acyl)oxy. (C3-C4 8cyl>amtiK>. tximeth- 
ylsilyloxy or hydroxy<C2-C4 aIl^l)amino group; 
R^o and R^^. together with the carbon atoms to which they 
are attached, can fomi a methylenediaxy ring option- 
ally substituted with a C^-C4 aikyl or €^-€4 alkoxy 
group or a carbonyldioxy ring; 
at least one of die groups R9 to R^^ represents a group OZ 
or NHR, not more than one <^ the groups R9 to R12 
denoting NHR; 
and not more than two of the groups R, to R^^ denote OZ, 
m the case where Z denotes hydrogen, these groups arc at 
positions 5 and 6; 
and at least one of the groups to rcpntstnts hydrogen, 
in the case where only one oi these groups denotes 
hydrogen, only one group from among Rg to Rjj then 
denotes NHR or OZ and the other groups denote C1-C4 
alkyl; R in NHR denoting a hydrogen atom or a C3-C4 
acyl or C3-C4 hydroxyalkyl group, and Z in OZ denoting 
a hydrogen atom or a C3-C14 acyl. Cy-C^ aSkyl or 
tiimediylsiiyl group; and the corresponding salts. 
The indoles are chosen from 4-bydroxy indole. 

5 - hydroxy indole. 6-hydroxyindole. 7-hydroxyindole, 

4- hydroxy-5-methoxyindole, 4-hydroxy-5-cthoxyindolc. 
2-caiboxy S-hydroxyindole. 5-hydraxy-6-methoxyindole, 

6- hydroxy-7-methoxyindoIe, 5-methoxy-6-hydroxyindole, 
5,6-dihydroxyindole. N-methyl-S.6-dihydroxyindole. 
2-metbyl- 5. 6-dihydroxy indole. 3-methyl-5.6- 
dlhydroxy indole. 23-dimethyl-5,6-dihydroxy-indole. 
2-carboxy-5,6-dihydroxyindolc. 4-hydroxy-5-methyUndole, 
2-carboxy-6-hy droxyindole . 6- hy droxy-N-methylindole. 
2-ethoxycarbonyl-S.6-dihydroxyindolc, 4-hydroxy-7- 
methoxy-2.3-dimcthyliDdole. 4-hydroxy-5-cthoxy-N- 
methylindole. 6-hydroxy-5-methoxy-2-methylindole. 

6- hydroxy-5-methoxy-2J-dimcthylindole. 6-hydroxy-2- 
etboxycarbonyl-indole. 7-hydroxy-3-metfaoxyindolc, 

5- bydroxy-6-mcthoxy-2J-dimethylindoIc. 5-hydroxy-3- 
methyiindolc, 5-acctoxy-6hydroxyindolc. 5-hydroxy-2- 
etboxy car bony lindole. 6-hydroxy-2-carboxy-5- 
methylindole. 6-hydroxy-2-ethoxycarbonyl-5- 
methoxyindole. 6-[N-(^hydroxyetbyI)amino]indolc, 

4- aminoindoIe. 5-aminoindole. 6-aminoindole. 

7- aminoindole. N-mtihyl-6K P-hydroxycthjdamino)indole, 

6- amino-2.3-dimethylindole. 6-aimno-23.4.j-tetra- 
methylindole. 6-amiDO-23.4-trimethylindole. 6-amino-2J. 

5- trimethylindole, 6-amino-2 3. 6-trtmethy lindole, 5,6- 
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diacetoxyindolc. 5-methoxy-^-acetoxyindoIe and 5.6- 
dimcthoxyindole. 

In Ihe cooxidation, it is possible to use up to SO nxA % of 
indole derivatives relative to the total nuinber of moles of 
3 derivatives to be oxidized. 

The particles used according to the invention are inor- 
ganic particles in lamellar or noo-lamcUar form or lamellar 
or oon-lamellar organic particles, which are colored or 
uncolored. These particles have an average particle size of 
between 0.01 and 200 microns. 

The non-lamellar inoiganic particles which can be used 
according to (he invention are inert inorganic particles 
having a particle size of less than 20 microns, and preferably 
less than 10 microns, and more especially less dian or in the 
region of 5 mloroos. 
^3 Such partides are. In particular, chosen from calcium 
caibon^, silica or titanium oxide partides having the 
particle size defined above. 

The lamellar partides used according to ttie invcntioo arc 
inoiganic or organic particles which take the form of 
20 lamellae, where q)propriate stratified. 

TTwsc lamellae are characterized by a thickness which is 
smaller than the largest dimension. E^eferabiy. the ratio 
between the largest dbnension and the thickness is between 
2 and 100. Hie largest dimension is generally less than SO 
25 microns. 

The partides of lamellar structure are chosen espedally 
from the fdlowlng products: l^lauroyllysine such as the 
product sold under the name AMIHOFE L.L by die com- 
pany AJINOMOTO; micropartides of ceramic, which arc 
optionally coaled with zirconium p owde r, such as the prod- 
^ ucts sold under the names TORAYCERAM ZP 550 and ZP 
4000 by the conqpany TORAY; lamellar titanium dioxide 
such as the products sold under the names LUXELEN SILK 
D and LUXELEN SS by the oonq>any SUMITOMO, lamel- 
lar talc boron nitride such as die products sold under the 
35 names Boron Nitride SF or SHP by the con^anies 
WACKER and KAWASAKI; lamellar mica such at the 
product sold under the name MICA CONCORD 1000 by the 
company SGAMA; bisimjth oxychloride such as the prod- 
uct sold under the name PEARL GLO by the company 
40 MALliNCKRODT; and tranqiarent red iron oxide sudi as 
the product sold under the name CAPPOXYT 4435 B by the 
company CAFFELLB. 

The size of die particles of lamellar structure used aca»rd- 
ing to (be invention is preferably less than SO microns, and 
4j especially less than 25 microns. Hieir size is generally 
greater ^an 0.5 micron. It is. in particular, between 1 and 20 
microns. These particles are generally greater than 0.01 
micron in thickness. As stated above, these lamellar particles 
can take die form of a stratified structure. 
It is also possible to use colored particles according to die 
^ invention. Hiey are colcoed. non-white ino^anic particles 
consisting of metal salts which are insoluble in the cosmetic 
medium and usable in cosmetics, referenced in tbe Color 
Index under the section *Tnorganic Coloring Matters" and 
which bear the nuiid>cr5 77C^ to 77947. excluding the 
55 white pigments. These colored inoiganic partides can con- 
sist of a single pigment or a mixture of pigments. They can 
also take the form of nacreous or interference pigments. 

The colored inorganic particles are preferably chosen 
from iron oxides, ultramarine blue (which is a complex 
60 sulfosilicate). chromium oxides, manganese violet (which is 
an anuQOoium manganese pyrophosphate) and Prussian blue 
(which is an iron fcnicyanide). 

The size of the partides of the colored powder, using 
colored inorganic partides containing the indoline-based 
65 i»odud. dqicnds 00 the size of the colored particles used, 
and can vary within wide limits ranging from 0.01 to 150 
microns. 
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Thus> when die starting colored inorganic paitide is a 
nacreous or interference pigment the size of the powder 
paiticles according to the inveotioo varies between 10 and 
ISO miaoos. 

In contrast when the colored inorganic particle is a metal 
salt (iron or chromium oxides, iron or manganese salts), the 
size of foe powder particles according to the invention is 
generally between 0.01 and 5 microns. 

The non-lamellar organic particles used according to the 
invention are fine particles of polymers. The product 
obtained with these organic paitides according to the inven- 
tion is characterized in that it consists of polymer particles 
having a particle size of less than 100 microns and which 
contain, at the surface and/or in the polymer network, an 
indoline-based product resulting from the oxidative poly- 
merization of at least one compound of the indoline family 
corresponding to (he formula (I) defined above and. where 
appropriate, from a cooxidation with an indc4e conqjound. 

The size of these organic particles is generally greater 
than 0.01 micron, and preferably between 0.01 and 50 
miCTons, and especially between 0.1 and 20 microns. They 
are preferably spherical. 

The polymers which can be used according to the inven- 
tion arc polymers which are essentially insoluble in the 
reactioD medium, and are chosen from natural or synthetic, 
organic or inorganic polymers comjHislng a crystalline or 
amorphous crossUnked network and having a molecular 
weight of between 5000 and 5,000,000. 

The essentially insoluble character of the polymer Is 
justified on essentially economic grounds, inasmuch as the 
indoline-based i»^oduct must bind to a solid particulate 
carrier in order to form the product acccwding to the inven- 
tion. 

The solubility of the polymers in the reaction medium 
should preferably not cxoecd 10%. 

The organic or synthetic polymers are chosen c^Kcially 
from polymers derived from keratin. fr<Hn chitin or from 
cellulose and pdyamides. or homo- or copolymers resulting 
from the polynoerization of al^hatic or aromatic mono- or 
polyethyleoic rtMnomers comprising a crystalline or amor- 
phous crossUnked network. 

The polymers derived from keratin are chosen espedaUy 
from anirnal or human keratins originating, for example, 
from materials chosen from hair. wool, skin, hairs, silks, 
feathers, scales aod more especially hooves, horn or alter- 
natively silk fibroin. 

These materials are preferably washed and/w degrcased. 
and then reduced to particles. 

Other polymers derived from keratin are chemically 
modified keratins having a mc^ecular weight of between 
10.000 and 250.000. and especially the partiaUy bydroiyzed 
keratin (or keratin hydrolysate) obtained from skins whidi 
are rich in sulfur-containing products and have a molecular 
weight of between 50.000 and 200,000. This hydrolysate is 
preferably obtained by moderate alkaline hydrolysis. 

Products of this type are. for example, sold under the 
name KERASOL by the company CR(3da. 

Other modified keratins are sulfonic keratins of molecular 
weight between 10.000 and 100.000, obtained from goose or 
diicken feathers or. still more advantageously, from hooves 
or horn. 

This keratin is obtained by oxidation of all or part of the 
disulfide bonds of the cystine groups of keratin to cysteic 
acid groups: SO3H. the oxidation being advantageously 
performed in an add medium such as formic add. by means 
of an oxidizing agent such as hydrogen peroxide. ^ 

The polymers derived from chitin consist of chitin which 
Is a natural polymer, the largest source of which is in the 



shell cf shellfish such as crabs, lobsters, crayfish, and the 
like. The chitin is prqiared according to a process described, 
in particular, in the work of R. A- A. MUZZARELU 
Xmmr. published by PERGAMON PRESS OXFORD. 
5 1977, pages 89-100 and 207-217. It is also possible to use 
its deaoctylated derivative known by the name of chitosan. 
obtained by hydrolysis of the acetyl groups of chitin. 

Chitosan as available conunercially is partially acetylated 
and contains 70 to 90% by weight of diitosan. 

It is also possible to use it in the form of its insoluble salts 
such as Che sulfates and phosphates. Products erf this type are 
sold, for example, under the name KYTEX by the company 
HERCULES. 

The cellulose polymers are chosen more especially from 
microcrystaUine celluloses such as (he products sold undex 

•5 the name AVICEL by the company FMC. 

Among synthetic polymers, very special mention may be 
made of polyethylene, polypropylene, polystyrene, poly 
(methyl methacrylate) and crosslinkcd poly(mcthyl 
metbaorylate) such as the product sold under the name 

20 MIC310PEARL M 305 by the company SEPPIC. Other 
polymers are chosen especially from crosslinked poly-^ 
alanine, as described in French Patent 2J30.250 or else 
advantageously taking the form of microspheres possessing 
a very low size dispcrsity. 85% by weight having a particle 

25 size of between 28 and 46 microns. These poly-^alanines 
are obtained according to a process which consists in 
polymerizing acrylamide in a t-butandAcduene solvent mix- 
ture in ratios of between 1:24 and 10:1, and preferably 
between 1:6 and 6:1. at between 60-and 100° C and 

30 preferably at about 80" C. in ttie presence of a polymeriza- 
tion initiator and of an octadecene/maldc anhydride copoly- 
mer as suspending agent, and ^en in subjecting die poly- 
^alanine suspension obtained to a aosslinking using a 
dialdehyde such as glutaraldehyde. 

3S The polymerization initiator is preferably sodium tot- 
butylate or potassium teit-butylate (0.1 to approximately 2 
mol % relative to the acrylamide). 

Glutaraldehyde is used In the form of an aqueous sdution 
of between 20 and 25%, and in a proportion of between 1 

40 and 15% by wdght relative to the weight of starting acry- 
lamide. 

As pdymers. it is also possible to use products known by 
the name of micro^nges. such as styrcDe/divinylbenzene 
or methyl metfiacrylate/ethylene glycol dimethaciylatc or 
45 vinyl stearate/divinylbenzene crossUnked polymers as 
described in Patents WO-88/01.164 and U.S. Pat. No. 4.690, 
825. 

Such polymers consist essentially of beads of crosslinkcd 
polymers containing an internal pore network capable of 

so retaining the indoline-based product 

Other polymers of this type are hollow microsirficres of a 
copolymer of vinylidene chloride and aciylonitrile. sold 
under the name EXPANCEL by the company KEMA 
NORI>; and porous microspheres of polyamide 12. polya- 

SS mide 6 or copolyamlde 6/12. sold under the name 
ORGASOL by the company ATOCHIMIE. These micro- 
spheres preferably have a panicle size of between 10 and 50 
microns. 

It is also possible to use silicone powders which are gums, 
60 resins and more e^tedally organosUoxane elastomers. 

The products according to the invention may be prepared 
according to a process which consists essentiMly in mixing 
in die air, and at a teiiq>erature which is preferably room 
temperature and can range up to KX)** C. al least one indoline 
63 compound of formula (I) and the inorganic cr organic 
particles described above, in a medium which Is essentially 
a Don-solvent for the particles. 
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The ooddatioD of the indoline compound of fonmila (I) 
may be perfoimed in an aqueous or water/solvent medium, 
in the air. in the air in the presence of an alkaline agent 
and/or of a metal-based oxidation catalyst sudi as cupric ion. 

If no oxidizing agent other than aerial oxygen is used, it 
is preferable to work at an alkaline pH. in which case the 
{Hgment forms ^dually and binds to the surface of &e 
particles and/or in the network or ihe pores of the particles. 

These products may also be prepared by carrybg out an 
immediate formation of die indoline-based product using an 
oxidizing agent sudi as hydrogen peroxide, peradds and 
persalts. 

Jt is preferable to use periodic add and Its derivatives and 
water-soluble salts, organic peradds and their salts, perman- 
ganates and dichromates such as those of sodium or 
potassium, sodium hypochlorite, potassium fetricyanide. 
ammonium persulfate. alkali metal cfalorites. silver oxide, 
ferric chloride, lead oxide, sodium nitrite and rare -earth salts 
sudi as those of cerium. 



glycols sudi as ethylene glycol and propylene glycol, alky- 
lene glycol alkyl ethers such as ethylene glycol 
monomethyl, monoethyi and monobutyl ethers and propy- 
lene glycol and dipropylene glycol nuHiomethyl etficrs. and 
methyl lactate. 

The medium xmist. moreover, be able to solubilize the 
indoline compound and. where appropriate, the Indole 
derivative or derivatives. 

When the medium consists of a water/solvent(s) mixture, 
the sdvent(s) is/are present in concentrations preferably of 
between 0.5 and 95% by wd^t relative to the total wdg^it 
of the compositioD. and especially between 2 and 50% by 
weight and preferably between 2 and 20% by weight 

Their nature is diosen and tbdr prc^wrtion is adjusted in 
acoordaoce with ttie criteria of solubility of the derivatives 
I' of the family of the indolines (D defined above, and. whae 
appropriate, of the indoles cf formula (II) in the case of 
cooxidatioo. and with the criterion of insolubility of the 
inorganic or organic partides enq>loyed. 
In the process according to the invention, it is preferable 
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It is also possible to use organic oxidizing agents chosen 20 to use the oon^unds of the indoline family in wd£^t 



from ortho- and para-benzoquinones. ortho- and para- 
benzoquioooc monoamines and diimines. 1.2- and 1.4- 
naphthoquinones and 1.2- and 1 Jt-oaphtboquinone mono- or 
diimines. The oxidation may also be peiformed by the 



proportions of between 0.1 and 10%, and preferably 
between 0.5 and 7%, by weight, the incKganic or organic 
filler representing 0.075 to 70% by weight, and preferably 4 
to 50% by weight relative to the wd^t of the reaction 



addition of iodide and hydrogen peroxide, ttie iodide pref- 25 medium, ttie remainder of the mixture generally consisting 



erably being an alkali metal, alkaline-earth metal or aimno- 
oium iodide. 

The preferred periodic add salt is sodium periodate. 

These oxidizing agents may be activated, where 
appropriate, with a pH-modiiying agent 

For the products intended for cosmetic application, it is 
preferable to use hydrogen peroxide, periodic add and its 
salts, potassium permanganate, sodium hypochlorite, 
ammonium persulfate, sodium nitrite and the iodide/ 
hydrogen peroxide system as oxidizing agents. 

The order of addition of the conqxwnds particq>ating in 
the prq>aradoD of the product in particle form, according to 
the invention, is of little inqxictance provided that the 
oxidizing agent is incorporated last when the latter is used 



of water or a water/solvent mixture. 

The oxidizing agents are employed in amounts suffident 
to oxidize the compound of the family of the indolines of the 
formula (I), and, where appropriate, to cooxidize the indo- 
30 line compound of the formula (I) and the indole compound 
of the formula (II). to form the indolinc-faased [voduct on or 
in the inorganic or organic particles. 

When iodide ion is used to form the indoline-based 
product, it is preferably used in proportions of 0.07 to 4%. 
35 and especially between 0.7 and 3%. observing a ratio of 
indoline compound and, where appropriate, indole deriva- 
tive to iodide ions of between 0.6 and 6. 

The proportions are determined relative to the wdght of 
the reaction medium. When it is desired to cany out a 



without a pH-modiiying agent and. in the case of the 40 cooxidalion of one or more indoline derivatives of the 

iodide/hydrogen peroxide oxidizing syston. either hydrogen fcHmula (I) with one or more Indole derivatives of ttie 

peroxide or die iodide Is introduced last f<vmula (II). the procedure is die same, amply mixing 

It is also possible to carry out enzymatic oxidation, before oxidation of the derivatives to be oxidized, 

carrying out oxidation using an enzyme havii^ oxidizing or The product based on partides containing the indoUne- 

pcroxidizing activity, such as horseradish peroxidase. 45 based product in and/or on the particle, according to the 



diloroperoxidase. milk peroxidase and cytochrome C 
peroxidase, or peroxidizing enzymes, in particular 
hemoglobin, methemoglobin. myogloUn and metmyoglo- 
bin. This enzymatic oxidation may also be peiformed in the 
presence of tyrosinase with aerial oxygeiL 

In the case where a pH-modifying agent is used to activate 
die oxidizing agent it is preferable to add either the oxidiz- 
ing agent or the pH-modiiying agent last 

When a keratin hydrolysate is used as an organic paitide. 



invention, is used in cosmetics, more especially in compo- 
sitions for making up the skin and/or the exoskeleton and for 
protecting the human epidermis. 
The powder in the form of inorganic or organic particles 
so and containing the indoline-based produd as defined above 
may be added to conventional cosmetic carriers at a con- 
centiatioD of between 0.05 and 35%, and preferably between 
0.5 and 20%. by weight relative to the total wd^t of die 
composition, to yield cosmetic conqx>sltlons for protecting 



the pH of the medium can preferably be bdow 5 in order to S5 the human epidermis, makeup products such as those for 

avoid solubilization of the modified keratin. making up the eyelashes, eyebrows, skin, hair or nails, for 

When a sulfonic keratin is used, the medium is dther instance eyeshadows, blushers, lining products also known 

essentially alcoholic, or aqueous, in whtdi case the pH as eyeliners, mascaras for die eyelashes and eyd)rows. and 

should be bdow 7. nail varnishes, or alternatively compositions for die tempo- 

Whcn diitosan is used, the aqueous medium should 60 rary dyeing of hair. These cosmetic carriers are known per 

preferably have a pH above 5.8. se. 

The reaction medium used should be a medium v/bidh is The medium used in these various cosmetic compositions 

essentially a non-solvent for the organic or inorganic paitide is a Tn cdiuf" whidi is essentially a non-solvent for the 

in question, h preferaUy consists of water, and can option- inorganic or organic partides contaimng the indoline-based 

ally consist of a mixoire of water and one or more sdvents 65 product. 

sudi as Cj-C* lower alcohols, for instance ethyl alcohol The term "medium which is essentially a non-solvent" is 

propyl or isopropyl alcohol and tert-butyl alcohol alkylene used to denote a medium whidi diss<dvcs less than 1% by 
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weight <^ the inoTiganic or oiganic paiticles ooDtaining the (of titanium or aluminum), polyethylene, silicones, proteins 

indoUne-based product. (collagen, elastin), alkanolaniines. silicon oxides, metal 

The con^sitiras can take the foim in particular, of a oxides or sodium hexamet^osphate. 

lotion, thickened lotion, gel. cream, milk, powder or stick. The subject of the invention is also a process for the 

and can optionally be packaged as an aerosol and take the 5 temporary dyeing of hair, making up the skin, eyelashes and 

form of a foam or sjway. eyebrows or nails and protecting the human epidermis 

When the compositions are used for making up the skin. against the deliterious effects of UV radiation, employing a 

hair, eyelashes and eyebrows, they can. in particular, take powder based on inorganic or organic paitides containing 

anhydrcMis or aqueous pasty or scrfid form, for example indoline-based products as defined ^x)ve. this powder being 

oil-in-water or watcr-in-oil emulsions or alternatively sus- 10 app^ei directly or by means of cosmetic compositions as 

pensions. These compositions have ttie advantage of being defined above. 

stable and of affording complete safety. The cxan^es which follow are intended to illustrate the 

When ttie compositions are used for protectittg the human invention, do limitatioa, however, being implied thereby. 
q)idcmais against UV radiation, they constitute so-called 

"sun" conq>ositions, and they can take the form of suspen- 13 PRERARATION EXAMPLES 
sims or dispersions in solvents or fats, or alternatively the 

fonn of emulsions such as creams and milks, ointments. Exaii^)lc 1 

gels, soUd sUcks or aerosol foams. , . . 73 g (0.03 1 md) of 5.6-dihydraxyindoIinc hydrobromide 

In aU cases, when they arc used in the form of emulsions. solubilized in 100 ml of 0. 1% aqueous ammonia solu- 

they can contain, in addition, surfactants which are well 20 ^.^^^ 45 g polyamidc 12 powder, sold under the name 

known in the prior art, such as anionic, nonioniccauonic or qrGASOL 2002 D Natural COS by the company 

amphoteric surfactants. ATCOIEM. arc added to this mixture. This suspension is 

The makeup compositions and die sun compositions can micutcs and then brought to 80" C. 10.5 ml of 
also contain fats, organic solvents, silicones, thickeners. hydroxide arc then added, and 28.6 g of hydro- 
demulcents, sunscreen agents, antifoams. hydrating agents. 25 peroxide solution containing 2.3 g (0.067 mol) of 
perfumes, preservatives. anUoxidants. fillers, sequestering hydrogen peroxide arc added in the course of 30 minutes 
agents, trcatrocat agents such as anionic, cationic. nonionic ^^^^ tcmpcratuic is maintained at between SO'* and 85' 
or amphoteric polyiMns at mixtures tfiereof. propellants and When the addition is complete, the temperature is main- 
allolmmng or acidifying agents. tained at 80' C for 2 hours and the reaction medium is then 

ThefatscanconsistofanodOTawaxoramixtaremcrw^^ 30 cooled. The product is centrifiiged and washed with water, 

fatty acids, fatty alcohols, petroleum jdly. paraffin, knohn. lytqrfiiUzation. 42 g of gray-brown powder arc 

hydrogenated lanolm or acetylated lanolm. obtained. 

The oils are chosen from animal, vegetable, mineral cr 

synthetic oils, and in particular hydrog«iated palm oil, Exanqile 2 

hydrogenated castor oil, liquid paraffin, paraffin oil and 3S 

Purccllin oil. 7 -3 g (0.03 1 mol) of 5.6-dihydroxyindoline hydrobromide 

The waxes are chosen from animal, fossil, vegetable. are solubilized in 100 ml of 0.1% aqueous anunonia solu- 

mincral or synthetic waxes. Special mention may be made of tion- 45 g of boron nitride, sold under the name SHP2 by the 

beeswax, camauba. candellila |sicl, sugar cane and Japan company KAWASAKI, are added to this mixture. This 

waxes, ozokerites, mootan wax. micro-ciystalline waxes and 40 su^nsion is stirred for 15 minutes and then brought to 80° 

parafians, C. 10.5 ml of 3N sodium hydroxide are then added, and 28.6 

When die composidons are used for coloring the nails. g of hydrogen peroxide solution containing 2.3 g (0.067 

they take the form of products termed "nail varnishes" niol) of hydrogen peroxide are added in the course of 30 

containing the powder according to the invention in dis- minutes wrtiile die ten^wraturc is maimaiced at between 80° 

perscd fonn in a cosmetically acceptable solvent containing *5 and 85' C The procedure is thereafter as in Examine 1. After 

one cr more resins, and ingredients customarily used in diis lyophilization. 41 g of Wuisb-gray powder are obtained, 
type of product 

The compositions according to the invention can also Exan^de 3 

contain, in addiUon to the inorganic or organic particles 73 g (0.031 mol) of 5.6-dihydroxyindoline hydrobromide 

containing the indolinc-bascd product as is defined above, so ^rc solubilized in 100 ml of 0.1% aqueous ammonia solu- 

other pigments which arc generally used in cosmetics, in tion. 45 g of non-lamcUar red iron oxide, which is a mixture 

particular nacreous and/or pearicsccnt. colored or w4ute yeUow iron oxide (Cm492) and brown iron oxide 

pigmenu which make it possible to vary the colcxations (C377491). arc added to this mixture. The procedure is 

capable of being obtained or to increase the protection with thereaftci as in E3tanq>lc 1. After lyophilization. 41 g of 

respect to ultraviolet radiation. In the latter case, it is 55 brown powder arc obtained. 
prdFcrablc to use nanopigments of metal oxides sudi as 

titanium, zinc, cerium or zirconium oxides, of average Exanqile 4 

diameter less than 100 nra and preferably between 5 and 50 j . j v 

nm. TTie pigments may be coated or uncoated. 73 g(0.031md)of 5.6-day(^OTymdolmehydr^ 

The coated pigments are pigments which have undergone 60 solubdized in 100 ml of 0. 1% iwjjjwus ammonia solu- 

ooe or more lurface treatments of a chemical, electronic. « gof ultraniannc blue (077007) are «»ded to tois 

mechanochemical and/or mechanical nature with com- P'fJ^/J* ^^^^ 

pounds such as those desoibed. for example, in COSMET- lyophilizauon, 49 g of dark blue powder arc obtamed. 

ICS & TOmETRIES. Fcteuaiy 1990. Vol. 105. pages Examnle 5 

53-64. such as amino acids, beeswax, fatty acids, fatty M tixanqu 

alcohols, anionic surfacUnts. lecithins, sodium, potassium. 73 g (0.03 1 mol) of 5.6-dihydroxyindoline hydrobromide 

zinc, iron cr aluminum salts of fatty acids, metal alkoxidcs arc solubilized in 100 ml of 0.1% aqueous ammonia solu- 
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tlon. 45 g of hydrated chiomium coude (077289) are added 
to this mixture. The procedure is thereafter as in Example 1. 
Afier lyophilizatioc. 41.5 g of bluish-green powder are 
obtained. 

Eun^le 6 

73 g (0.03 1 inol) of 5.6-dihydr<nyindaline hydrobromide 
are solubilizcd in 100 ml of 0.1% aqueous ammonia solu- 
tion. 45 g of silica, sold uadcr the name SILICA BEADS SB 
150 by the company MAPRECOS. are added to this mix- 
ture. The procedure is thereafter as in Exan^le 1. After 
lyophilization, 45.8 g of gray-brown powder are obtained. 

Exanq>le 7 

73 g (0.03 1 mol) of 5.6-dihydroxyiDdoline hydrobromide 
arc solubilized inlOOmlofO.1% aqueous ammonia solu- 
tion. 45 g of titanium oxide, sold uoder the name F. F. 
HOMBHAN by the company SACHTLEBEN, are added to 
this mixture. The procedure is thereafter as in Exanqjle 1. 
After lyophilizatiOD. 48.5 g of bluish-gray powder are 
obtained. 

Exanqile 8 

4.38 g (0.0188 mol) of 5,6-dihydroxyindolinc hydrobro- 
mide and 2.19 g (0.0147 mol) of 5.6-dihydroxyiDdoie are 
solubilized in 100 ml of 0.1% aqueous ammonia solution. 45 
g q€ ultramarine blue (Cr77(X)7) are added to this mixuire. 
This suspension is stirred for 15 minutes and then brou^t to 
80" C. 6.7 ml of 3N sodium hydroxide are then added, and 
28.6 g of hydrogen peroxide solution containing 23 g (0.067 
rool) of hydrogen peroxide are added in the course of 30 
minutes while the temperature is maintained at between 80" 
and 85" C. When the addition is complete, the temperature 
is maintained at 80° C. for 2 hours and the reaction medium 
is then cooled. The product is centrifuged and washed with 
water. After lyophiUzatton. 49 g dark blue powder are 
obtained. 

Example 9 

15.4 g (0.065 mol) of 5.6-dihydroxyindc^e hydrobro- 
mide are solubilized in 190 ml of 0.1% aqueous ammonia 
solution and 10 ml of etfaanol. 90 g of L-lauroyUydne are 
added to this mixture. This suspension is stirred for 15 
minutes and then brought to 80^ C. 6.6 ml of 3N sodium 
hydroxide are then added, and 15.1 g (0.13 mol) of hydrogen 
peroxide diluted in 4S.3 g of water are added in the course 
of 30 minutes while the temperature is maintained at 
between 80" C. and 85* C. When the addition is complete, 
sticriog is maintained and the temperature is maintained at 
80" C. for {^proximately 2 hours and the reaction medium 
is ttien cooled. The product is centrifuged and washed widi 
water. After lyophilization. 93 g of Uack powder are 
obtained. 

Example 10 

13.95 g (0.06 mol) of 5,6-dihydroxyindoline hydrobro- 
mide are solubilized in 410 ml of 0.1% aqueous ammoma 
solution. 262 g of poly-p-alanine and also 50 ml of water are 
added to this mixture. This su^nsion is stirred for approxi- 
mately 2 hours and then brought to 80" C. 6 ml of 3N sodium 
hydroxide are then added and the tenqxiature is maintained 
at 80" C. for approximately 30 minutes. 13.82 g (0.12 mol) 
ctf hydrogen peroxide diluted in 41.46 g of water are then 
added in the course of 30 minutes while the temperature is 
maintained at between 80" C. and 85" C. When the addition 



is conqjlete. the temperature is maintained at 80" C and 
stirring is maintained for appraximately 2 hours and the 
rcactico medium is then cooled. The product is filtered off 
and washed with water. After lyophilization, 93.20 g of dark 
brown powder are obtained. 

Example 11 

7.68 g (0.033 mol) of 5.6-dihydroxyindolinc hydrobro- 
mide arc solubilized in 195 ml of 0.1% aqueous ammonia 
solution. 95 g of bismuth oxycfaloiide. sold under the name 
"PEARL GLOW UVR 1086" by the company 
MALLINCKRODT. arc added to this mixture. 33 ml of 3N 
sodium hydroxide are Ifaen added. The mixture is stirred for 
approximately 15 minutes and the temperahuc is then 
brought to 80" C 

7.55 g (0.07 mol) of hydrogen peroxide diluted in 22.7 g 
of water arc then added in the course of 30 minutes while the 
temperature is maintained at between 80" C. and 85" C. 
20 When the addition is complete, the tenq)erature is main- 
tained at 80" C and stirring is maintained f<x approximately 
2 hours and Xan reaction medium is then cooled. The product 
is centrifuged and washed with water. After centrifugation. 
95.37 g of brown powder arc obtained. 
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Exanople 12 

7.68 g (0.033 mol) of 5.6-dihydro(xyindoline hydrobro- 
mide art solubilized in 195 ml of 0.1% aqueous ammonia 
solution. 95 g of powder consisting of an 83:17 mica/ 
titanium mixture are added to this mixture. Hie procedure is 
tha-eafter as described in Example 11. After lyophilization, 
88.21 g of metallic-gray powder are obtained. 

Example 13 

15.4 g (0.065 mol) of 5.6-dihydraxyindoUne hydrobro- 
mide are solubilized in 195 ml of 0.1% aqueous ammonia 
solution. 90 g of microbeads of acrylic polymer, sold under 
the name POLYTRAP by DOW CX)RNING. and also 10 ml 
40 of ethanol are then added to this mixture. The procedure is 
thereafter as described in Example 9. After lyophilization. 
91.5 g of white powder are obtained. 
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FORMULAnON EXAMPLES 
Exan^e 1 

A creamy mascara the following formula is prqiared: 





15.0 i 


Beeswax 


8.0 g 


Pwiffin 


3.0 « 


ColcpfaoDy 


2.0 g 


Ozofcerile 


10.0 g 


Propyl pMa-Ky. ■ - y hwiTftw 


0.20 g 


Mett^I pm-faydnnybaaoate 


0.20 g 


Gun anbic 


O.SOg 


Keistin liyckolysate 


1.0 g 




5.0 g 


Colored powder of Pieponika) Exuuple 4 


10.0 g 


Wuef qj. 


100 g 



The procedure is as follows: 

The waxes are melted. The pigments are inccuparated. 
The aqueous phase containing the preservatives, gum and 
65 keratin hydrolysate is heated to the same ten4>efature as the 
waxy phase. The two phases are mixed and stirred vigor- 
ously. A dark blue mascara cream is obtained. 
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Example 2 

An eyelash makeup composition as follows is prepared: 



14 



C.-Cjo alkyl aery Ule; aery late ctoosliaked 


0.10 « 


ccpolymer 




Crossiioted polyviiiylcaHnxylic polymer 


0.60 « 


sold uukr the quik CARfiOFOL 940 by the 




Cfloopmy GOODRICH 




TnedtuoUnuDc 


0.80 B 


Gtycetol 


10 s 




0.2 s 


OcDffletbylcyclosiloxaiie 


25.0 s 


Colored powder of Pteparaik»i Example 3 


5.0 s 


Black iiOD oxide 


5.0 s 


Witer q.» 


100 s 
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Potyetbylene powder 


5.0 s 


Colored powder of PKparatioD Example 3 


6.0 s 


rilsoiuiQ dioxide 


10.0 s 


Mica 


12.0 s 


Isopropyl myristale 


1-3 g 


Liquid paraffin 


1.3 s 


Sorbitol 


0.5 s 


Colond powckr of Pitparatioo Example 7 


3.0 s 


TUc 


100 s 



This natural beige powder is applied with a powder puflf 
or brush. 



The polymers are dispersed in the heated state with the 
preservatives in the water to make a geL The glycerol and 
triethaoolamine are added. The pigments are dispersed in the 
silicone and added to the gel phase. A black shiny geUed 
emulsion for making up Ae eyelashes is obtained. 

Example 3 

A l^stick of the following composition is prepared: 
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Example 7 

A makeup foundation for the face of the following com- 
position is ptepased: 



20 



2,6-Di-ten-butyl^>-cie9ol 


0.16 s 


Liquid lanolin 


17J0S 


Micnxrysttlline wax 


15.0 j 


Tngfycoides of capiylic and capric acids 


11.0 s 


Oclylglyceryl behenate 


11.0 s 


Colond powder of Preparation Example 3 


3.0 s 


Titanium mica 


6.0 s 


Castor oil q.s. 


100 s 


A nacrcous-brown lipstick is obtained. 




Example 4 




A blusher of the following composition is prqjared: 


Tttanium dioxide 


10.0 s 


Tuantiim mica 


10.0 g 


DC Red 30 


1.2 g 


Propyl paja-bydroxybrazoatc 


0.2 g 


I ifpiid pantffio 


6.0 g 


2'Hydtaxy'4MnelliaxybeiizoiihenoQe sold under 


0.5 g 


die name UVD>njL M40 by tbc oocnpany BASF 




Colofod powder of Preparation Example 6 


3.0 g 




100 g 


This beige-pink compacted blusher is applied with a 


brush. 




Example 5 




An eyeshadow of the following composition is prqxarcd: 


Pofyamidc powder 


15.0 g 




9.0 g 




30.0 g 


Colond powder of tYeparatioa Example 3 


7.0 g 


Colored powder of lYeparalioa Extmple 1 


60 g 


Takq^ 


100 g 
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30 



40 



Olycaol stearaie 

Mixture of oqnic and cq^rylic acids and 
jj^yceiDl iricster 
Titanium oxide 
Yellow iron oxide 
Synthetic melanin pigweat 
Colored powder of Exanqile 3 
Methyl par»4iydiasybeiizoate 
ftopyl para^jiydwxy bcn zoa Ic 
Preservative 

2<Hydiuxy-4-ine«tio(xybenzq;)beixHie 
Octyl dinaetbyl-p-taniDobeiaoate 
Magneshim ahnnimnn silicate 

CoiboxynietfaylceUulose 

Alimmum Mlt of the Fcactiaii product of 

octenylstECinic anfardride and itarch, 

aold trader ibe nan» DRYPIO [sic] by die company 

NAnONAL STARCH 

Cyclic p(dydimetli(yistlo(xane aold under die 

name SILBIONE OIL 70045 by die ooii|iany 

RHONE POULENC 

Propylene glycol 

Olycettri 

Sodium lauroylsaioonnale 
Steatk acid 
Water q.s. 



2.2 g 

15.0 g 

10.53 g 
0.83 g 
0.14 g 
0.50 g 
0.10 g 
O.tOg 
0.3 g 
0.3 g 
0.5 g 
1.0 g 
1.0 g 
0.16 g 
5.0 g 



10.0 g 



log 

3.0 g 
0.6 0 
12 g 
100 g 



The makeup foundation <^}tained is natural beige. 
45 Example 8 

A creamy mascara of the following composition is pre- 
pared: 
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55 
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Trietbaoolaniiiie stearate 


15.0 g 


Beeswax 


8.0 g 


Paraffin 


3.0 g 


Colopbony 


2.0 g 


Ozofcerite 


10.0 g 


Propyl par»-t9<lioxybenzo»te 


0.20 g 


Methyl para-hydroxybcnioaic 


0.20 g 


Oum aiabic 


OJOg 


Keivtin hydrolycate 


1.0 g 


Bbck iron oxide 


5.0 g 


Colored powder of Preparation Exanqde 8 


10.0 g 


Water 


100 g 



This gray-grecD eyeshadow is apf^cd with a bni^ or 
w^ a foam applicator. 

Exan^ie 6 

A compact face powder of the following con^sition is 
prepared: 



The procedure is as follows: 

The waxes are melted. The pigments are iocoiporated. 
The aqueous phase containing the [H'eservatives. gum and 
63 keratin hydrotysate is heated to die same teraperatuFe as the 
waxy phase. The two phases are mixed and stirred vigor- 
ously. A dark blue mascara cream is obtained. 
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We claim: 

1. Process for preparing a product in powder fofm. 
comprising mixing in air at a tcnq>craturc between room 
teii:^ature and 100^ C. inorganic or ofganic particles of 
paiticle size of less than 200 microns, and an iodoUne 
compound of formula (I) 

Rs (D 

0a: 

in which: 

R, and R3 represent independently of one another, a 

hydrogen atom or a Ci-C4 alkyl group; 
R2 rqiresents a hydrogen atom, a Ci-Ca alkyl group, a 
caiboxyl group, a C1-C4 alkoxy caibonyl group, or an 
n-all^lamino radical; 
R4 denotes a hydrogen atom, a €,-€4 alkyl group, a 
hydroxyl group, a C1-C4 alicoxy group, an amino 
group. 8 Ci-Cio alkylamino radical or a halogen atom; 
R5 denotes a hydrogen atom, a hydroxyl group, a C1-C4 

alkoxy group or ao amino group; 
at least one of the radicals R4 or R5 denoting a hydroxyL 
alkoxy or amino group; wiA die proviso that when 
denotes an amino group. R4 cannot denote an alky- 
lamino radical; or 
R4 and R5 attached to the carbon atoms joined togc&o- 
form a all^lenedioxy ring, at positiwis S and 6; 
as well as the cosmetically acceptable salts. ix the iodoline 
compound of formula (I) and at least one indole selected 
from die group consisting of monohydroxyiodoles. dihy- 
droxyind(rfes and amintMndoles. wherein the indoles have 
the formula; 

R« (ID 




in which: 

R« and R« denote. iBdqxQdcntly of one another, a hydro- 
gen atom or a Cx-C* alkyl group; 

Kj represents a hydrogen atom, a C1-C4 alkyl group, a 
caiboxyl ^oup or a (C1-C4 alkcoty) caibonyl group; 
and denote, ind^odcntly of one anodier. a hydro- 
gen atom, a hydroxyl group, a C|-C4 alkyl, amino. 
(Ci-C4 alkoxy), (Cj-C* acyl)oxy or (Cj-C* acyl) 
amino group; 

Rjo denotes hydrogen, a hydroxyl (Ci-C* alkoxy), 
(C1-C4 alkyl). halogen, amino. (Cj-Ci* acyl)oxy. 
(C2-C4 acyl)amino or tiimcthylsityloxy group; 

R^j denotes hydrogen or a hydroxyL (C,-C4 alkoxy), 
amino. (C^^^ acyI)oxy. (C2-C4 acyl)amino. trimeth- 
ylsilyloxy or hydroxy (C2-C4 altyl)amino group; 

R,o and R^i. together with the carbon atoms to wliich they 
are attached, can form a methylcnedioxy ring option- 
ally substituted with a C1-C4 alkyl, €,-€4 alkcxy 
group or a carbonyldioxy ring; 
at least one of the group R, to R|2 represents a group OZ or 
NHR, not naorc than one of the ffoup R^ to R^ denoting 
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NRH and not more than two of the groups R9 to R|2 
denoting OZ; at least one of the ^oup R, to R13 represents 
hydrogen, in the case where only one of these groups 
denotes hydrogen only one group from to then 
5 denotes NHR or 02 and the other group denote C^-C^ alkyl; 
R in NHR denotes a hydrogen atom or a C3-C4 acyl or 
C2-C4 hydraxyalkyl group; and Z in OZ denotes a hydrogen 
atom or a C2-C14 acyl. C,^4 alkyl trimethylsilyl group, 
and in the case where 2 denotes hydrogen, flic OZ groups are 
10 at positions 5 and 6; and the corresponding salts, in a 
medium which is essentially a non-solvent for the inorganic 
or organic particles, and 
forming the product in powder form by oxidation of the 
indoline of fcxmula (I), or by cooxidatioo of the indo- 
le line of formula (I) and the at least one indole, on or in 
said particles or on and in said particles. 

2. Process according to claim 1, wherein die oxidation is 
performed slowly in the air at an alkaline pH. 

3. Process according to claim 1. wherein the oxidation is 
20 performed with aerial oxygen in the presence of a metal- 
based catalyst 

4. Process according to claim 1. wherein the oxidation is 
performed by adding oxidizing agents selected from the 
group consisting of hydrogen peroxide, periodic add. salts 

25 of periodic acid, potassium permanganate, sodium 
hypodilorite. ammoBium persulf^. the iodide/hydrogen 
peroxide combination, wganic peradds, salts of organic 
peradds, alkali metal cblorites. potassium fexricyanidc. sil- 
ver oxide, lead oxide; ferric chloride, sodium nitrite, rare- 

30 earth salts, ortho^benzoquinones. para-bcnzoqui nones, 
ortho-benzoquinone monoimines. ortho-benzoquinone 
diamines, para-bcnzoquinone monoimines. para- 
benzoqulnooe diimines. 1.2-naphthogulnones. 1,4- 
nai^thoquinones, 1,2-naphtboquinone ntonoimines. 1.2- 

35 naj4ithoquin(Xie diimines. 1.4-n^h1hoquinone monoimines. 
and i,4-n^ttioquinone diimines. 

5. Process according to claim 4. wherein the oxidation is 
performed with hydrogen peroxide in an armnonical 
medium. 

40 6. Process according to claim 1. wherein the oxidation is 
performed by the use of an alkali metal iodide, alkaline-earth 
metal iodide or ammonium iodide, preceded ca* followed by 
the addition of hydrogen peroxide. 

7. Process acc<ttding to claim 1. wherein the oxidation is 
43 an enzymatic oxidation. 

8. Process according to claim 1, wherein the reaction 
medium is a medium which is essentially a non-solvent for 
the inorganic or (H^ganic partidcs and a solvent for the 
indoline of formula <I) and consists <^ water or a mixture of 

50 water and a solvent. 

9. ftxxxss according to claim 8, wherein the solvent is 
selected from the group consisting of C1-C4 lower alcohols, 
alkylene glycols, alkylene glycol alkyl ethers and methyl 
lactate. 

55 10. Process according to claim 1 wherdn the indoline of 
formula (I) is used in |»oportions of between 0.1 and 10% 
by weight the inorganic or organic particles representing 
0.075 to 70% by weight the remainder of the mixture 
consistii^ of water or a water/sdvent mixture. 

60 11. Process according to claim 1. wherein the indoline is 
selected from the group consisting of: 5.6- 
dihydroxyindolinc. 6-hydroxy indoline. 5.6- 
methylenedioxyindoline. 7-ntethoxy-6-hydroxy indoline. 
6.7-dihydroxyindoUnc. 5-hydraxy-4-mcthoxy indoline. 4,5- 

65 dihydroxyindoline. 5-melhoxy-6-hydroxy indoline. 
4-hydroxy-5-melhoxyindoIine. 5-hydroxy-6-methoxy 
indoline. 4.7-dihydroxyindoline. 6-aminotndoIine. N-ethyl- 
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4-hydroxyindoline. l-ethyl-6-amiDo-indoliiie, S,6- 
diamiooi&doUne. l-methyl-6-ammomdolioe. 2-iiiethyl-6- 
aminoiodoUne, 3-nicthyl-6-aminoiadoIiiie, 2-inethyl-S.6- 
diaroioouidoLLae. 5-ciiloro-7-atiiijiouidoluic. 3-inctfayl-5.7- 
diaminoindoliiie. 5.7-diaminoindoline. 2-methyl-S.7- 5 
diamiaoiadoline. 7-amiQoiadoUDe. 2-methyI-7-amino 
iDdollDC. 4-aniinoindoliDC. 4-amiiio-6-cliloroiadoline, 
4-aiiuDo-6-iodoiodoIiae, 4-amiDo-5*bromoindoliiie. 
4-ainiiio-5-hydroyiDdoliDC. 4-amino-7-hydroxyiiidoline. 

4- amino-S-mctho]iyiodotine, 4-ainino-7-medioxyiDdoUDc, to 

5- amino indoUae. 23-dimethyl-5-ammQiado]iiie. l-methyl- 
S-amiooiDdoliDe. 2-methyl-5-aminoiDdoUDe, 5-|N-(l- 
methyl hexyl)aiiuDO]indoline. 5.6-dimethoxymdoUDe and 
5.6-dihydrOTy-2<arl>OTyindoline. 

12. Process according to claim 1 wherein the inorgaiuc or is 
orgaoic particles aie selected from the group consistiiig of 
lamellar or noQ-lamellar inoiiganic particles and lamellar or 
noa-lamellar organic particles, the inorganic or organic 
particles being colored or uncolored. these paiticles having 

an avaage particle size of between 0.01 and 200 microns. 20 

13. Process according to daim 1 wherein the non-lamellar 
inorganic particles are inert inorganic particles having a 
particle size of less than 20 microns. 

14. lYocess according to claim 13. wherein die non- 
lameUar inorganic particles arc calcium carbonate, silica or 25 
titanium oxide particles. 

15. Ftooess according to claim 1 . wherein the particles are 
inorganic or organic lanoellar particles which take the form 
of lamellae, the ratio of the largest dimension to the thick- 
ness being between 2 and 100 and the largest dimension 30 
being less than 50 microns. 

16. Process according to daim 15. wherein tiie lamellar 
particles are selected from the group consisting of 
L-lauroyllysine, micropartides of ceramic which are option- 
ally coated with zirconium powder. lamcUar titanium 35 
dioxide, lamellar talc boron nitride, lamellar mica, bismuth 
oxychloiidc and transparent red Iron oxide. 

17. Process according to claim 1. wherein the partides arc 
colored inorganic particles consisting of metal salts which 



are insoluble in the oosmcdc medium having a partide size 
of between 0.01 and 150 microns. 

18. Process according to daim 17 wherein the colored 
inorganic particles are sdected from the group consisting of 
iron oxides, ultramarine blue, chromium oxides, manganese 
videt and I^ssian blue. 

19. I¥ooess according to daim 1. wherdn the particle is 
a nacreous or interference pigment having a particle size of 
between 10 and 150 microns. 

20. Process according to daim 1. wherein the organic 
partides are non-lamellar organic partides having a particle 
size of less than 100 miaons and which contain the indoline- 
bascd pEoduct at the surface or in the polymer netwoik or at 
the surface and in the polymer network. 

21. Process according to claim 20, wherein the partides of 
polymers arc sdected from the group con^vising of: 

(a) polymers derived from keratin; 

(b) silk fibroins; 

(c) cfaitin or diitosan; 

(d) microcrystalline cellulose; 

(e) synthetic polymers sdected from the group consisting 
of: 

(i) polyethylene, polypr<^lenc. polystyrene and poly- 
(methyl methacrylate) which is optionally 
crosslinked; 

(ii) crosslinked poly-P-alanine; 

(ill) styrene/divinylbenzene, methyl methacrylate/ 
ethylene glycol dimeChylacrylatc and vinyl stearatc^ 
divinylbenzene aosslinked polymers; 

(iv) hollow microspheres of the copolymer of 
vinylidene diloride and acrylonitrile; 

(v) porous microspheres of polyamide 12. polyamide or 
cq>Qlyamide 6/12; and 

(vi) silicone powder consisting ci gums, resins and 
organoslloxane elastomers. 
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PROCESS FOR THE PREPARATION OF 
AMINE OXIDES 

FIELD OF THE INVENTION 

The present invention relates to a process for the prepa- 5 
ration of high quality amine oxides from secondary and 
tertiary aliphatic amines. More particularly, the present 
invention relates to an improved process for the preparation 
of amine oxides from secondary and tertiary aliphatic 
amines useful in the preparation of hair conditioners and 10 
shampoos, toothpaste, laundry detergent powder, fabric 
softeners, toilet soap bars and cosmetics, surfactants as well 
as in other applications as synthetic intermediates and excel- 
lent spin trapping reagents. 

BACKGROUND OF THE INVENTION 

N-oxides hold a key position in the chemistry of hetero- 
cycles as well as in biomedical area. Tertiary amine oxides 
are widely used in treatment of fabrics and preparation of 
hair conditioners and shampoos, toothpaste, laundry deter- 
gent powder, fabric softeners, toilet soap bars and cosmetics 
as well as in other applications. They were also used as 
stoichiometric oxidants in metal catalysed hydroxylation 
and epoxidation reactions of olefins. On the other hand, 
oxides derived from secondary amines, called nitrones are ^5 
highly valuable synthetic intermediates and excellent spin 
trapping reagents. In particular nitrones are excellent 1,3 
dipoles and have been utilized for the synthesis of various 
nitrogen containing biologically active compounds e.g. alka- 
loids and lactams. 

Conventionally tertiary amine oxides are prepared by 
oxidation of respective tertiary amines with strong oxidising 
agent like aqueous hydrogen peroxide in a solvent such as 
water, lower alcohol, acetone or acetic acid. A dilute or 
preferably concentrated (30-90% by weight) hydrogen per- 35 
oxide solution is added in stoichiometric or greater amount 
to an aqueous solution containing the tertiary amine to 
obtain amine oxide, (U.S. Pat. No. 3,215,741). The draw- 
back associated with this process is the formation of a gel 
resembling a thick paste long before completion of the ^ 
reaction, which retards further reaction. The yields are only 
30-40% by weight of amine oxide. Several other methods 
such as incorporation of catalyst and/chelating agent have 
been developed in order to increase the quality and yields of 
the product. 45 

In case of secondary amines, the classical methods 
involve the condensation of N-monosubstituted hydroxy- 
lamines with carbonyl compounds or the direct oxidation of 
N,N-disubstituted hydro xylamines. Subsequently, direct 
oxidation of secondary amines using several oxidising sys- 50 
terns such as R^C(m-0^, NajWO^— HjOj, SeO^, TPAP- 
NMO and UHP-M (M=Mo, W), MTO-H^Oa have been 
developed to prepare nitrones under homogenous condi- 
tions. The drawback in all the above cases is the diflSculty in 
recovering the homogeneous catalyst/reagents from the 55 
reaction mixture. 

Reference is made to U.S. Pat. No. 3,283,007 wherein the 
oxidation of tertiary amines using diethelene triaminc penta/ 
tctra acetic add as chelating agent and sometimes contami- 
nated with heavy metals is recommended to improve the eo 
yield. The hydrogen peroxide solution employed has con- 
centration of at least 30-75% by weight. The disadvantages 
of this process are high reaction temperatures ranging 
between 40-100'* C, longer reaction periods, and lower 
yields of amine oxides. 65 

Reference is made to U.S. Pat. No. 3,424,780, wherein 
high yields of tertiary amine oxides are achieved by carrying 
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the oxidation of tertiary amine with 30-70% by weight of 
aqueous hydrogen peroxide using 0.01 to 2% weight of 
carbondioxide, in presence of a chelating agent, tetra acety- 
lene diamine, a salt thereof, polyphosphates, stannates, a 
hydroxy carboxylic acid salts or the salt of poly carboxylic 
acid. The reaction is carried out at a temperature ranging 
from 40 to 80" C, The disadvantages of this process are high 
reaction temperature, longer reaction periods and that the 
amine oxide formed is intensively coloured when carbon 
dioxide atmosphere is used to speed up the reaction and this 
method necessitates injecting a gas which requires handling 
facilities. Another disadvantage is that the presence of more 
than 30% by weight of hydrogen peroxide is not environ- 
mentally friendly. 

Reference is made to another U.S. Pat. No. 4,889,954 
wherein the tertiary amines are reacted in high yields to give 
the corresponding amine oxides with a low content of 
nitrosamine, the oxidation of tertiary amine being carried 
out in the presence of a dialkyl carboxylic acid ester as 
catalyst and if appropriate, ascorbic acid as a co-catalyst 
using 45-70% by weight of hydrogen peroxide. The draw- 
backs in the above process are the requirement of frequent 
addition of water to avoid gel formation, high reaction 
temperatures, longer reaction periods and diflSculty in sepa- 
ration of the catalyst from the reaction mixture. 

Reference is made to another U.S. Pat. No. 4,565,891 
wherein octacyano molybdate or iron salts are used as 
catalysts and molecular oxygen for oxidation of tertiary 
amines at high pressures and temperatures. The main draw- 
back of this process is the need of very high temperature of 
90-130* C. and very low yields of amine oxide reporting 
11-52% of conversion. 

Reference is made to a U.S. Pat. No. 5,130,488 wherein 
the solid amine oxide can be prepared by reacting a tertiary 
amine with hydrogen peroxide using carbon dioxide in 
presence of acetate and cooling to precipitate the product. 
This process is superior to previously known methods of 
preparing amine oxides. However, its use can sometimes 
lead to cleavage of the solvents, plating on the walls of the 
vessel used for the precipitation, contamination of the prod- 
uct with residual peroxide, and or discoloration of the 
product. 

Reference is made to a publication by Walter W. Zajac et 
al., J. Org. Chem.; 53, 5856, 1988 wherein the oxidation of 
secondary and tertiary amines using 
2-sulfonyloxyxa2iridines (Davis Reagents) were reported. 
The drawback of the above process is that the reagent is used 
in stoichiometric amounts. 

Reference is made to a publication by Shun-Ichi Mura- 
hashi et al., J. Org. Chem.; 55, 1736, 1990 wherein sodium 
tungstale is used as catalyst for the oxidation of secondary 
amines. The drawback is the difficulty in recovery of the 
catalyst from homogeneous conditions. 

Reference is also made to publication by Murraay et al., 
J. Org. Chem., 61, 8099, 1996 wherein methyltrioxorhenium 
was used as a catalyst in oxidation of secondary amines. Tht 
drawback is the difficulty in recovery of the catalyst. 

OBJECTS OF THE INVENTION 

ITie main object of the present invention is to provide an 
eco-friendly and simple process for N-oxidation of second- 
ary and tertiary amines using layered double hydroxides 
exchanged with anions of transition metal oxides as a 
catalyst, which is cheaper, non-corrosive and recyclable 
catalyst utilising only lower percentage of hydrogen perox- 
ide at room temperatures to give high yields of product. 
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Aoother object of the present invention is to provide ao 
improved process for the preparation of tertiary amine 
oxides and secondary amine oxides (nitrones), widely used 
in detergents, shampoos, fabric softeis and biomedical area. 

Another object of the present invention is the use of 
non-corrosive and low cost heterogeneous catalyst i.e. lay- 
ered double hydroxides exchanged with tungstate, 
molybdate, vanadate and their polyanions. 

SUMMARY OF THE INVE^4nON 

Accordingly, the present invention provides an improved 
process for the preparation of amine oxides which comprises 
reacting tertiary and secondary amines with hydrogen per- 
oxide as an oxidant in presence of a recyclable heteroge- 
neous catalyst comprising layered double hydroxides 
exchanged with anion of transition metal oxides selected 
from tungstate, molybdate, vanadate, and their polyanions, 
in an organic solvent at a temperature in the range between 
10-25* C. for a period of 1-6 hours under continuous 
stirring and separating the product by simple filtration and 
subsequently evaporation of solvents by known methods. 

In an embodiment of the present invention, the heteroge- 
neous catalyst used is the layered double hydroxides 
exchanged with transition metal oxides selected from a 
group consisting of tungstate, molybdate, vanadate and their 
polyanions i.e. polyoxometalates having formula I: 
[M^^(i_^jM^^^,(0II)2lM"-l^.zH20, which is derived from 

LDH having formula II [M^V-*)^^^'^*^^)^^^"'!-/^ ^^^^ 
where M is a transition metal oxides selected from the group 
consisting of W, Mo, V and A"" is interstitial anion, selected 
from nitrate and chloride and M^^ is a divalent cation 
selected from the group consisting of Mg^*, Mn^*, Fe^*, 
V^*, Co^\ Cu^*, Zn^* and Ca^ and M^" is a trivalent 
ion selected from the group consisting of Al^, Cr^, 
Mn^*, Fe^ and Co^*, x is the mole fraction having integral 
value ranging from 0.2 to 0.33, and z is the number of water 
molecules and ranges from 1 to 4. 

In another embodiment of the present invention, the 
tertiary amines used have the general formula R^R^NR^ 
wherein R^, R^ and R^, which may be the same or different, 
and are the straight-chain or branched-chain groups selected 
from alkyl, alkenyl and aralkyls having C1-C24 carbons 
selected from N,N- dimethyl decyl amine, N,N-dimethyl 
dodecyl amine, N,N-dimethylbenzylamine, triethylamine, 
tributylamine and cyclic amines selected from imidazolines 
pyridines, N-substituted piperazincs, N-substitutcd piper- 
adines or N-substituted morpholines, e.g., 
N-methylmorpho line . 
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consisting of metbonol, etbanol, isopropanol, 1-propanol, 
1-butanol, 2-butanol and isobutyl alcohol. 

In still another embodiment of the present invention, the 
amount of hydrogen peroxide used is 2 to 6 moles per mole 
of amine. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The catalyst of the invention comprises a recyclable 
heterogeneous catalyst, i.e. layered double hydroxides 
exchanged with tungstate, molybdate, vanadate and their 
polyanions i.e. polyoxometalates that catalyses oxidation of 
secondary and tertiary amines. The advantages such as low 
cost of the catalyst, reusability for several times and its 
ability to oxidise the amines at 10-25° C, below or at room 
temperature in a shorter period make the present invention 
as a promising candidate for a clean and efEcient industrial 
route to amine oxide preparation. 

The novelty of the invention lies in the use of heteroge- 
neous catalyst for the first time for the N-oxidation of 
secondary and tertiary amines. The anion of transition metal 
oxides intercalated in the layered double hydroxide effec- 
tively catalyses the oxidation of amines to amine oxides. The 
catalyst was removed by simple filtration and the solid 
catalyst obtained thus is recycled for several times without 
any addition of fresh catalyst. The consistent activity for 
several cycles, mild reaction conditions, shorter reaction 
times makes the process economical and possible for com- 
mercial realisation. 

According to the invention, amine oxides are prepared by 
reacting tertiary and secondary amines with hydrogen per- 
oxide as an oxidant in presence of a recyclable heteroge- 
neous catalyst comprising layered double hydroxides 
exchanged with anion of transition metal oxides selected 
from tungstate, molybdate, vanadate, and their polyanions, 
in an organic solvent at a temperature in the range between 
10-25° C. for a period of 1-6 hours under continuous 
stirring. The product is separated by simple filtration and the 
solvents evaporated by known methods. 

The heterogeneous catalyst used are layered double 
hydroxides exchanged with transition metal oxides selected 
from a group consisting of tungstate, molybdate, vanadate 
and their polyanions i.e. polyoxometalates having formula I: 
[M"(i_,jM"^^0H)2lM'-L;2.zH20, which is derived from 
LDH having formula II [M'\^^^^'"JOH)JiA"-1^.zH20 
where M is a transition metal oxides selected from the group 
consisting of W, Mo, V and A"~ is interstitial anion, selected 
from nitrate and chloride and M" is a divalent cation 



In another embodiment of the present invention, the selected from the group coasisting of Mg^*, Mn^*, Fe' 



secondary amines used have the general formula R^R^NH 
wherein R' and R^ may be the same or different and are the 
straight-chain or branched-chain groups selected from alkyl, 
alkenyl and aralkyls having CJ-C24 carbons, selected from 
dibutyl amine, dibenzyl amine, N-bcozyl phenethyl amine, 
N-phenyl benzylamine and cyclic amines selected from 
piperidine, 1,2,3,4, tctrahydro isoquinoline. 

In another embodiment of the present invention aqueous 
hydrogen peroxide is added slowly in a controlled manner 
for a period ranging between 0-120 min. 

In yet another embodiment of the present invention, the 
catalyst introduced in the system is 6-12% by weight of 
anion of transition metal oxides selected from tungstate, 
molybdate, vanadate and their polyanions as polyoxometa- 
lates. 

In still another embodiment of the present invention, 
water miscible organic solvent used is selected from group 
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V^*, Co^*, Ni^*, Ca^*, Zn^ and Ca^ and M^" is a trivalent 
ion selected from the group consisting of Al^*, Cr**, V^*, 
Mn^*, Fe^* and Co^*, x is the mole fraction having integral 
value ranging from 0.2 to 0.33, and z is the number of water 
molecules and ranges from 1 to 4. 

The tertiary amines used have the general formula 
R^R^NR^ wherein R', R^ and R^, which may be the same or 
different, and are the straighKhain or branched-chain 
groups selected from alkyl, alkenyl and aralkyls having 
Cy~C24 carbons selected from N,N-dimethyl decyl amine, 
N,N-dimethyl dodecyl amine, NJV-dimethylbenzylamine, 
triethylamine, tributylamine and cyclic amines selected from 
imidazolines pyrididines, N-substituted piperazines, 
N-substituted piperadines or N-substitutcd morphohnes, 
e.g., N-mclhylmorpholine. 

The secondary amines used have the general formula 
R^R^NH wherein R* and R^ may be the same or different 
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and are the straight-chain or branched-chain groups selected 
from alkyl, alkenyl and aralkyts having C^-C2A carbons, 
selected frona dibutyl amine, dibenzyl amine, N-benzyl 
phenethylamine, N-phenyl benzyl amine and cyclic amines 
selected from piperidine, U2^A, tetrahydro isoquinoline. 

Aqueous hydrogen peroxide is added slowly in a con- 
trolled manner for a period ranging between 0-120 min. The 
catalyst introduced in the system is generally 6-12% by 
weight of anion of transition metal oxides selected from 
tungstate, molybdate, vanadate and their polyanions as poly- 
oxometalatcs. The water miscible organic solvents are 
selected from group consisting of methonol, ethanol, 
isopropanol, 1-propanol, l-butanol, 2-butanol and isobutyl 
alcohol. The amount of hydrogen peroxide used may be in 
the range of 2 to 6 moles per mole of amine. 

The catalytic cycle in the oxidation of amines to amine 
oxides involves the easy formation of peroxotungstate, 
HO0WO3-/H00W0g- on interaction of tungstate with 
hydrogen peroxide. These peroxy species will act as an 
active species for the oxidation of secondary /tertiary amines 
as described by Murahashi et. al., for the Na2W04 catalysed 
oxidation of secondary amines by hydrogen peroxide. The 
secondary amine undergoes nucleophilic reaction with per- 
oxotungstate species to give hydroxylamine. Further oxida- 
tion of hydroxylamine followed by dehydration gives 
nitrone. In case of tertiary amines, the oxygen transfer 
occurs from peroxotungstate species to tertiary amine in a 
single step to form tertiary amine oxide. The species 
HOWOj-ZHOWOg" thus formed is readily oxidized with 
another molecule of H2O2 to give pcroxo tungstate 
HOOWOs'/HOOWOg", thus completing the catalytic cycle. 

The following examples are given by way of illustration 
of the present invention and therefore should not be con- 
strued to limit the scope of the present invention. 

EXAMPLE 1 
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Preparation of the Various Catalysts 
1. Preparation of Mg— -Al Hydrotalcite (LDH) Chloride: 

Mg — Al — CI hydrotalcite (3:1) is prepared as follows: 
About 200 ml of decarbonated and de ionised water was 
taken into a 1 liter four necked round bottomed flask and 
stirred at 25° C. with a magnetic stirrer under a nitrogen 
flow. The mixture (Al^-0.05 mol/1), (Mg^*-0.15 mol/1) of 
decarbonated solution of AICI3.9H2O (12.07 g), 
MgCl2.6H20 (30.49 g) (obtained from M/s. Ruka, a Sigma 
Aldrich Company, Switzerland) and aqueous solution of 
sodium hydroxide (166 g, 0.2 mol/1) were added continu- 
ously drop-wise from a burette, the pH of the reaction 
mixture being kept at 10.00-10.2 during the reaction. The 50 
precipitate obtained was filtered, washed with deionised and 
decarbonated water and dried at 70° C. for 15 h. 

a) ) Preparation of (Mg — Al Hydrotalcite (LDH) Tung- 
state (Catalyst A): 

To reach anion exchange of degree of 12%, 1 g of 55 
Mg — Al — CI hydrotalcite was stircd in 100 ml of aqueous 
solution of 1.87 mM (0.616 g) sodium tungstate (obtained 
from M/s. Fluka, a Sigma Aldrich Company, Switzerland), 
at 293K for 24 h. The solid catalyst was filtered, washed 
with deionised and decarbonated water and lyophilized to 
dryness. 

b) Preparation of Mg— Al Hydrotalcite (LDH) Molybdate 
(Catalyst C): 

To reach anion exchange of degree of 12%. 1 g of 
Mg — ^Al — CI hydrotalcite was stirred in 100 ml of aqueous 
solution of 1.87 mM (0.452 g) sodium molybdate (obtained 
from M/s. Fluka, a Sigma Aldrich Company, Switzerland), 
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at 293K for 24 h. The solid catalyst was filtered, washed 
with deionised and decarbonated water and lyophilized to 
dryness. 

c) Preparation of Mg — ^Al Hydrotalcite (LDH) Vanadate 
(Catalyst C): 

To reach anion exchange of degree of 12%, 1 g of 
Mg — ^Al — CI hydrotalcite is stirred in 100 ml of aqueous 
solution of 1.87 mM (0.456 g) sodium vanadate (obtained 
from M/s. Fluka, a Sigma Aldrich Company, Switzeriand), 
at 293K for 24 h. The solid catalyst was filtered, washed 
with deionised and decarbonated water and lyophilized to 
dryness. 

2. Preparation of Mg— Al Hydrotalcite (LDH) Nitrate: 
Magnesium nitrate hexahydrate (30.8 g, 0.12 mol) and 

aluminium nitrate nonahydrate (15.0 g, 0.04 mol) were 
dissolved in 100 ml of deionised and decarbonated water. 
The pH of the solution was adjusted to 10 by adding 2M 
NaOH. The resulting suspension was stirred for 2 h at room 
temperature. The precipitate hydrotalcite was collected by 
filtration under atmosphere and dried overnight at 80* C. 

a) Preparation of Mg — ^Al hydrotalcite (LDH) tungstate 
(Catalyst D): 

To reach anion exchange of degree of 12%, 1 g of 
Mg — Al — NO3 hydrotalcite was stirred in 100 ml of aque- 
ous 1.87 mM (0.616 g) sodium tungstate (obtained from 
M/s. Fluka, a Sigma Aldrich Company, Switzerland), at 
293K for 24 h. The solid catalyst was filtered, washed with 
of deionised and decarbonated water and lyophilized to 
dryness. 

3. Preparation of Mg — Al hydrotalcite (LDH) carbonate: 
Mg— Al— <:03 hydrotalcite (3:1) is prepared as follows: 

An aqueous solution (0.280 1) containing Mg(N03)2.6H2O 
(0.2808 mol) and A1(N03)3.9H20 (0.093 mol) from M/s. 
Fluka, a Sigma Aldrich Company, Switzerland) was added 
slowly to a second solution (0.280 I) containing NaOH 
(0.6562 mol) and Na2C03 (0.3368 mol) in a 1.0 1 round 
bottomed flask under vigorous stirring. The addition took 
nearly 3 h. Then the slurry was heated to 338 K for 16 h. The 
precipitate formed was filtered off and washed with hot 
distilled water until the pH of the filtrate was 7. The 
precipitate was dried in an oven at 353K for 15 h. 

a) Preparation of Mg — ^Al hydrotalcite (LDH) tungstate 
(Catalyst E): 

To reach anion exchange of degree of 12%, 1 g of 
Mg — ^Al — CO3 calcined (at 723 K for 6 h in a flow of air) 
hydrotalcite was stirred in 100 ml of aqueous solution of 
1.87 mM (0.616 g) sodium tungstate (obtained from M/s. 
Fluka, a Sigma Aldrich Company, Switzerland), at 293K for 
24 h. The solid catalyst was filtered, washed with deionised 
and decarbonated water and lyophilized to dryness. 

4. Preparation of Ni— Al Hydrotalcite (LDH) Chloride: 
Ni — Al hydrotalcite chloride (3:1) was prepared as fol- 
lows: About 200 ml of decarbonated and deionised water 
was taken into a 1 liter four necked round bottomed flask and 
stirred at 25" C. with a magnetic stirrer under niuogen flow. 
A mixture (Al^*»0.05 mol/1), (Ni^*-0. 15 mol/1) of decarbon- 
ated solution of AICI3.9H2O (12.07 g), NiCVeH^O (35.65 
g) (obtained from M/s. Fluka, a Sigma Aldrich Company, 
Switzeriand) and aqueous solution of sodium hydroxide (16 
g, 0.2 mol/l) were added continuously drop-wise from a 
burette, the pH of the reaction mixture being kept at 
10.00-10.2 during the reaction. The precipitate obtained was 
filtered, washed with deionised and decarbonated water and 
dried at 70*' C. for 15 h. 

a) Preparation of Ni — Al hydrotalcite (LDH) tungstate 
(Catalyst F): 

To reach anion exchange of degree of 12%, 1 g of Ni — Al 
hydrotalcite chloride was stirred in 100 ml of aqueous 1.87 
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mM (0.616 g) sodium tungstate (obtained from M/s. Fluka, in an identical procedure as in Example 2, without further 

a Sigma Aldrich Company, Switzerland), at room tempera- addition of fresh catalyst. N-methylmorpholine N-oxide of 

ture for 24 h. The solid catalyst was filtered, washed with 96% yield was obtained, 

deionised and decarbonated water and lyophilized to dry- EXAMPLE 5 

ness, 5 

5. Preparation of Ni — ^Al hydrotalcite (LDH) Nitrate: Oxidation of N-methylmorpholine Catalysed by 

Nickel nitrate hexahydrate (34.8 g, 0.12 mol) and alu- 'Ringstate Exchanged with Mg/Al (3:1) Layered 

minium nitrate nonahydrate (15.0 g, 0.04 mol) were dis- Double Hydroxides Using Aqueous Hydrogen 

solved in 100 ml of deionised and decarbonated water. The Peroxide. Recycle-Ill 

pH of the solution was adjusted to 10 by adding 2M NaOH. lo . u„i „» k„ ,.^, „„ 

iL - J f 1 u r« ™™ The oxidation reaction of N-methyknorphohne by usmg 

The resultmg suspension was stured for 2 h at room tem- j- ^ a -Jf 

Tu ■ . UA I 1 ^^ii»^t„^ K„ fii catalyst A which had been used in example 4 was performed 

perature. The precipitate hydrotalcite was collected by fil- ■ ' j ^ ^ • i ..^-.u^,,* 

Ltion under atmosphere and dried overnight at 80* C. ''^'''}f P^°^f ^^^^ ^ ^,^7?^^ 2. without furthe 

a) Preparation of Ni-Al hydrotalcite (LDH) tungstate ^T''^,''! fresh catalyst. N-methyhnorpholine N-oxide of 

(Catalyst): V ; ^ 97% yield was obtained. 

To reach anion exchange of degree of 12%, 1 g of EXAMPLE 6 
Ni — NO — ^Al — ^3 hydrotalcite was stirred in 100 ml of 

aqueous 1 .87 mM (0.616 g) sodium tungstate (obtained from Oxidation of N-methyhnorpholine Catalysed by 

M/s. Fluka, a Sigma Aldrich Company, Switzerland), at IVngstate Exchanged with Mg/Al (3:1) Layered 

293K for 24 h. The soUd catalyst was filtered, washed with 20 Double Hydroxides Using Aqueous Hydrogen 

of deionised and decarbonated water and lyophilized to Peroxide: Recycle-Ill 

dryness. The oxidation reaction of N-methyhnorpholine by using 

catalyst A which had been used in example 5 was performed 

EXAMPLE 2 ^ ^ identical procedure as in example 2, without further 

Oxidation of N-methylmorphoUne Catalysed by addition of fresh catalyst. N-methylmorpholine N-oxide of 

Tungstate Exchanged with Mg/Al (3:1) Layered ^6% yield was obtained. 

Double Hydroxides Using Aqueous Hydrogen EXAMPLE 7 
Peroxide 

Oxidation of N-methyhnorpholine Catalysed by 

The four-necked flask was charged with 0.22 ml (2 mmol) 30 Ttingstate Exchanged with Mg/Al (3:1) Layered 

of N-methyhnorphoUne, 200 mg of catalyst A and 50 ml of Double Hydroxides Using Aqueous Hydrogen 

methanol. To the mixture was added dropwise 6.6 ml (6 Peroxide: Recycle-IV 

mmol)of a 30% by weight of aqueous solution of hydrogen ^ . ^, 

peroxide for period of 2.0 hours in 2 lo 3 portions at 25'* C. ^h^ oxidation reaction of N-methyhnorphohne by using 

under continuousslirring. Continued the reaction for another 35 catalyst A which had been used in reaction 6 m an identical 

0.5 hour. After the completion of the reaction (followed by Procedure as in example 2 without further addmon of fresh 

TLC), the catalyst was filtered off and washed with metha- catalyst. N-methyhnorphohne N-oxide of 96% yield was 

nol. To the filtrate a small amount of manganese dioxide was obtained. 

added to decompose the unreacted hydrogen peroxide. The EXAMPLE 8 

treated reaction mixture was filtered to remove the solid 40 

MnO^ and concentrated under reduced pressure to obtain the Oxidation of Tnbutyl Amme Catalysed by 

product. The product thus obtained was purified by column Tungstate Exchanged with Mg/Al (3:1) Layered 

chromatography to afford the corresponding amine oxide. Double Hydroxides Using Aqueous Hydrogen 

N-methylmorpholine N-oxide of 98% yield was obtained. Peroxide 

This product is commercially available from Fluka, Aldrich, 45 xhe oxidation reaction of triethyl amine by using catalyst 

Lancaster and Merck companies. A was performed in an identical procedure as in example 2. 

The time taken for the completion of reaction was 3 hours. 

EXAMPLE 3 Triethyl amine N-oxide of 98% yield was obtained. 

Oxidation of N-mcthylmorphoHnc Catalysed by EXAMPLE 9 
Tungstate Exchanged with Mg/Al (3:1) Layered 

Double Hydroxides Using Aqueous Hydrogen Oxidation of Tnbutyl Amme Catalysed by 

Peroxide: Recycle-I 'Ringstate Exchanged with Mg/Al (3:1) Layered 

Double Hydroxides Using Aqueous Hydrogen 

The oxidation reaction of N-methyhnorpholine by using Peroxide 

catalystAwhich had been used in example 2 was performed 55 ^ . . ^ , . _r j 

in an identical procedure as in example 2, without further ^ "^^ation reacUon of tnbutyl amme was perfonned 

addition of fresh catalyst. N-methylmorphoUne NK^xide of W usmg cata yst A m an identical procedure as m example 

98% yield was obtained. The tmie taken for the completion of reaction was 3 hours. 

Tnbutyl amine N-Oxide of 95% yield was obtamed. 

EXAMPLE 4 go EXAMPLE 10 

Oxidation, of N-methyhnorphoUne Catalysed by Oxidation of N,N-dibutyl benzylamine Catalysed 

Tungstate Exchanged with Mg/Al (3:1) Layered by Tungstate Exchanged with Mg/Al (3:1) Layered 

Double Hydroxides Using Aqueous Hydrogen Double Hydroxides Using Aqueous Hydrogen 

Peroxide: RecycIe-II Peroxide 

Hie oxidation reaction of N-methyhnorpholine by using The oxidation reaction of N,N-dibutyl benzylamine was 

catalyst A which had been used in example 3 was periformed performed by using catalyst A in an identical procedure as in 
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example 3. The time taken for the completion of reaction 
was 3 hours. N,N-dibutyl benzyl amine N-oxide of 96% 
yield was obtained. 

EXAMPLE 11 

Oxidation of N-benzyl Piperidine Catalysed by 
Tungstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-benzyl piperidine was per- jq 
formed by using catalyst A, in an identical procedure as in 
example 2. The time taken for the completion of reaction 
was 3 hours. N-benzyl piperidine N-oxide of 98% yield was 
obtained. 

EXAMPLE 12 j5 

Oxidation of N,N-dimethyldecylamine Catalysed by 
Tungstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N,N-dimelhyldecylamine was ■^^ 
performed by using catalyst A in an identical procedure as in 
example 2. N J^-dimethyldecylamine N-oxide of 98% yield 
was obtained. This product is commercially available from 
Lonza Inc., With trade name Barlox lOS (Specification: 30 
weight percent decyldimethyl tertiary amine oxide). 25 

EXAMPLE 13 

Oxidation of N,N-dimethyloctylamine Catalysed by 
Tungstate Exchanged with Mg/Al (3:1) Layered 
Double hydroxides Using Aqueous Hydrogen 30 
Peroxide 

The oxidation reaction of N^-dimeihyloctylamine was 
performed by using catalyst A in an identical procedure as in 
example 3. N,N-dimethyloctylamine N-oxide of 98% yield 
was obtained. 35 

EXAMPLE 14 

Oxidation of NJ^-dimelhyl benzylamine Catalysed 
by Tungstate Exchanged with Mg/Al (3:1) Layered 

Double Hydroxides Using Aqueous Hydrogen 40 
Peroxide 
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EXAMPLE 17 



The oxidation reaction of N,N-dimethyl benzylamine was 
performed by using catalyst A in an identical procedure as in 
Example 2. The time taken for the completion of reaction 
was 3 hours. N,N-dunethyl benzylamine amine N-oxide of 45 
95% yield was obtained. 

EXAMPLE 15 

Oxidation of N,N-dimethylcyclohexylamine 
Catalysed by Tungstate Exchanged with Mg/Al 50 
(3:1) Layered Double Hydroxides Using Aqueous 
Hydrogen Peroxide 

'llie oxidation reaction of N J^-dimethylcyclohexylamine 
by using catalyst A was performed in an identical procedure 
as in example 2. The time taken for the completion of 55 
reaction was 3 hours. N,N-dimethylcyclohexylaminc 
N-oxide of 97% yield was obtained. 

EXAMPLE 16 



Oxidation of N-methylmorphohne Catalysed by go 
Tungstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-methylmorpholine was per- 
formed using catalyst B in an identical procedure as in 65 
Example 2. N-mcthyhnorphohne N-oxide of 90% yield was 
obtained. 



Oxidation of N-methyl morpholine Catalysed by 
IVngstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-methylmorpholine by using 
catalyst (was performed in an identical procedure as in 
example 2. N-methylmorpholine N-oxide of 40% yield was 
obtained. 

EXAMPLE 18 

Oxidation of N-methylmorpholine Catalysed by 
TUngstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-methyhnorpholine by using 
catalyst D was performed in an identical procedure as in 
example 2. N-methylmorpholinc N-oxide of 96% yield was 
obtained. 

EXAMPLE 19 

Oxidation of N-methylmorpholine Catalysed by 
Tungstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-methylmorphoIine by using 
catalyst E was performed in an identical procedure as in 
example 2. N-methylmorpholine N-oxide of 95% yield was 
obtained. 

EXAMPLE 20 

Oxidation of N-methyhnorpholine Catalysed by 
Tungstate Exchanged with Ni/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-methylmorpholine was per- 
formed using catalyst F in an identical procedure as in 
example 2. N-methylmorpholine N-oxide of 98% yield was 
obtained 

EXAMPLE 21 

Oxidation of N-methyknorpholine Catalysed by 
TUngstate Exchanged with Ni/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-methylmorpboIine was per- 
formed using catalyst G in an identical procedure as in 
example 2. N-methylmorpholine N-oxide of 96% yield was 
obtained. 

EXAMPLE 22 

Oxidation of Dibutyl Amine Catalysed by 
TUngstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of dibutyl amine was performed by 
using catalyst D in an identical procedure as in example 2. 
The time taken for the completion of reaction was 3 hours. 
N-butylidene-butylamine N-oxide of 96% yield was 
obtained. 
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EXAMPLE 23 

Oxidation of Dibutyl Amine Catalysed by 
Tungstate Exchanged with Mg/Al (3:1) Layered 
Double Hydroxides Using Aqueotis Hydrogen 
Peroxide 

The oxidation reaction of dibutyl amine was performed by 
using catalyst E in an identical procedure as in example 2. 
The time taken for the completion of reaction was 3 hours. 
N-butylidene-butylamine N-oxide of 95% yield was 
obtained. 

EXAMPLE 24 

Oxidation of Dibutyl Catalysed by Tungstate 
Exchanged with Ni/Al (3:1) L Double Hydroxides 
Using Aqueous Hydrogen Peroxide 

The oxidation reaction of dibutyl amine was performed by 
using catalyst A in an identical procedure as in example 2. 
The time taken for the completion of reaction was 3 hours. 
N-butylidene-butylamine N-oxide of 96% yield was 
obtained. 

EXAMPLE 25 

Oxidation of Dibutyl Amine Catalysed by 
Tungstate Exchanged with Ni/Al (3:3) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of dibutyl amine was performed by 
using catalyst G in an identical procedure as in example 2. 
The time taken for the completion of reaction was 3 hours. 
N-butylidene-butylamine N-oxide of 95% yield was 
obtained. 

EXAMPLE 26 

Oxidation of Dibutyl Amine Catalysed by 
Tungstate Exchanged with Ni/Al (3:3) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of dibutyl amine was performed by 
using catalyst A in an identical procedure as in example 2. 
The time taken for the completion of reaction was 3 hours. 
N-butylidene-butylaminc N-oxide of 97% yield was 
obtained. 

EXAMPLE 27 

Oxidation of Dibutyl Amine Catalysed by 
Tungstate Exchanged with Ni/Al (3:3) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of dibenzyl amine was performed 
by using of catalyst A in an identical procedure as in 
example 2. The time taken for the completion of reaction 
was 5 hours. N-benzylidenebenzylamine N-oxide of 60% 
yield was obtained. 

EXAMPLE 28 

Oxidation of N-benzyl Phenethylamine Catalysed 
by T^ingstate Exchanged with Mg/Al (3:3) Layered 
Double Hydroxides Using Aqueous Hydrogen 
Peroxide 

The oxidation reaction of N-benzyl phenethylamine was 
performed by using catalyst A in an identical procedure as in 
example 2. The time taken for the completion of reaction 
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was 6 hours. N-(l -methyl benzylidine) phenylamine 
N-oxide of 90% yield was obtained. 

EXAMPLE 29 

^ Oxidation of N-phenyl Benzylamine Amine 

Catalysed by Thngstate Exchanged with Mg/Al 
(3:1) Layered Double Hydroxides Using Aqueous 
Hydrogen Peroxide 

10 The reaction oxidation reaction of N-phenyl benzylamine 
was performed by using catalyst A in an identical procedure 
as in example 2. The time taken for the completion of 
reaction was 4 hours. N-bezylidine phenylamine N-oxide of 
93% yield was obtained. 

EXAMPLE 30 

Oxidation of Piperidine Catalysed by Tungstate 
Exchanged with Ni/Al (3:1) Layered Double 
2^ Hydroxides Using Aqueous Hydrogen Peroxide 

The oxidation reaction of piperidine by using catalyst A 
was performed in an identical procedure as in example 2. 
The time taken for completion of reaction was 3 hours. 
2,3,4,5 tetrahydro pyridine N-oxide of 92% yield was 
25 obtained. 

EXAMPLE 31 

Oxidation 1,2^,4-Tetrahydroisoquinoline Catalysed 
by Tungstate Exchanged with Mg/Al (3: 1) Layered 
Double Hydroxides Using Aqueous hydrogen 
Peroxide 

The oxidation reaction of 1,23,4-tetrahydroisoquinoline 
performed by using catalyst A in an identical procedure as in 
35 example 2. The time taken for completion of reaction was 5 
hours. 3,4 dihydroisoquinoline N-oxide of 93% yield was 
obtained. 

EXAMPLE 32 

40 

Oxidation of Diisopropyl Amine Catalysed 
Tlingstate Exchanged with Mg/Al (3:1) Layered 
double Hydroxides Using Aqueous Hydrogen 
Peroxide 

45 The reaction oxidation reaction of diisopropyl amine was 
performed by using catalyst A in an identical procedure as in 
example 2. The time taken for the completion of reaction 
was 3 hours. N-(l-methylethylidine)-l-methylcthyIamine 
N-oxide of 92% yield was obtained. 

50 The main advantages of the present invention are: 

1. The present process is eco-friendly and very simple. 

2. The catalyst is cheap, non-corrosive, recyclable for 
several times and heterogeneous in nature. 

3. The reaction conditions are very mild, being the reac- 
tion temperamre ranges between 10-25°C. 

4. The hydrogen peroxide used is 30% by weight, which 
is more environmentally friendly. 

5. The process is economical. 

60 6, The process is accomplished in a short time to afford 

high productivity. 
7. The amoimt of efQuents formed in this process is 

minimized because the catalyst and solvent arc 

recovered/recycled and reused. 
65 8. The process provides high quality of the product 

without resulting in gel formation, ring the coiurse of 

reaction. 
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TABLE 1 



Reusabflity of the catalyst in the oxidation of N-methylmorpholinc catalysed by 
tungstate exchanged with Mg/Al (3:1) layered double hydroxides (catalyst A) using 
aqueous hydrogea peroxide' 



Ex. 






"nmc 






No 


Tcitiary amine 


Cycle 


(h) 


Amine oxide 


Vicld" 


2 


N-me thylinoip ho 1 inc 


1 


2.5 


N- m e thy Imoip holinc 
N-oxide 


98 


3 


N'mcthylmOTphollDe 


2 


2.5 


N-m c thy Imoip ho t ine 
N-oxide 


98 


4 


N-mcthylmoiphol ine 


3 


2.5 


N-methylmoip holine 
N-oxidc 


96 


5 


N-methylmorpholinc 


4 


2.5 


N-methylmorpholinc 
N-oxide 


97 


6 


N-methylmorpholinc 


5 


2.5 


N-methyimorp holine 
N-oxide 


96 


7 


N-melhylmorpholine 


6 


2.5 


N-melhylmorphoIine 
N-oxide 


96 



'Reaction conditions as exemplified in example 2 
"Isolated yields 



TABLE 2 



Oxidation of tcitiaiy amines catalysed by anion of transition metal oxides 
exchanged layered double hydroxides using nqueous hydrogen peroxide' 











Tmie 




Ex. No 


Tertiary amine 


Catalyst 


Amine oxide 


(h) 


Yield" 


8 


TYiethyl amine 


A 


Triethyl amine N-oxide 


3.0 


98 


9 


Tributyl amine 


A 


Tributyl amine N-oxide 


3.0 


95 


10 


N,N-dibutyl 
benzyl amine 


A 


N,N-dibutyl benzyl amine 
N-oxide 


3.0 


96 


11 


N-benzyl 
pipe rid ine 


A 


N-benzyl piperidine 
N-oxide 


3.0 


98 


12 


N,N-dimethyl 
dccyl amine 


A 


N,N-dimethyl decyl amine 
N-oxidc 


2.5 


98 


13 


N,N-dimethyl 
octyl amine 


A 


N,N-dimcthyl octyl amine 
N-oxide 


2.5 


98 


14 


N,NHiimethyl 
benzyl amine 


A 


N^-dimethyl benzyl amine 
N-oxide 


3.0 


95 


15 


N,N-dimethyl 
cydohexylaminc 


A 


N,N-dime[hyl cyclohexyl 
amine N-oxide 


3.0 


97 


16 


N-methyl 
moipholine 


B 


N-methylmorpholine 
N-oxidc 


2.5 


90 


17 


N-methyl 
moipholine 


C 


N-methylmorpholine 
N-oxide 


2.5 


40 


18 


N-methyl 
moipholine 


D 


N-methylmorpholine 
N-oxide 


2.5 


96 


19 


N-mclhyl 
morpholine 


E 


N-methylmorpholinc 
N-oxide 


2.5 


95 


20 


N-methyl 
morpholine 


F 


N-methylmorpholine 
N-oxide 


2.5 


98 


21 


N-methyl 
morpholine 


G 


N-mcthylmorpholinc 
N-oxide 


2.5 


96 



'Reaction conditions as exemplified in example 2 
"isolated yields 



TABLE 3 



Oxidation of secondary amines catalysed by anion of transition metal oxides 
cxchanped layered double hydroxides ating aqueous hydrogen peroxide' 

Tune 

Ex. No Secondary amine Catalyst Amine oxide (nitrooe) (h) Yieldf 

22 Dibutyl amine D N-butylidene-butylamine 3 96 

N-oxide 

23 Dibutyl amine E N-butylidcne-butylamine 3 95 

N-oxide 

24 Dibutyl amine F N-butylidenc-butylaminc 3 96 

N-oxide 
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TABLE 3-continued 

Oxidation of secondary amines catalysed by anion of transition metal oxides 



excbaneed layered double hydroxides using aqueous hydrogen peroxide* 



Bx. No 


Secondary amine 


Catalyst 


Amine oxide (nitrone) 


Time 
(h) 


Yield^ 


25 


Dibutyl amine 


G 


N-bulylidene-butylaminc 


3 


95 








N-oxide 






26 


Dibutyl amine 


A 


N-bulylidene-butylamine 


3 


97 








N-oxide 






27 


Dibenzyl amine 


A 


N-bcnzylidene 


5 


60 








benzylamine N-oxidc 






28 


N-benzyl 


A 


N-{l-methylbenzylidene) 


6 


90 




phenethyt amine 




benzylamine N-oxide 






29 


N-Phenyl benzyl 


A 


N-benzylidene 


4 


93 




amine 




phenylamine N-oxide 






30 


Piperidine 


A 


2^,4^ Telrahydro pyridine 


3 


92 








N-oxide 






31 


1,2^,4 Tctiahydro 


A 


3,4, Dihydroisoquinoline 


5 


93 




isoqiiinoline 




N-oxidc 






32 


Diisopropyl amine 


A 


N-(l-cthylcthylidene)l- 


3 


92 








methylcthyt amine N-oxide 







■Reaction conditions as cxen^lificd in example 2 
"Isolated yields 



We claim: 

1. A process for the preparation of high quality amine 
oxides which comprises reacting a tertiary or secondary 
amine with hydrogen peroxide as an oxidant in presence of 
a recyclable heterogeneous layered double hydroxide 
exchanged with one of the anions of transition metal oxides 
as a catalyst in an organic solvent at a temperature ranging 
between 10-25° C. for a period of 1-6 hours under con- 
tinuous stirring and separating the product by simple filtra- 
tion and subsequently evaporation of solvents by known 
methods. 

2. A process as claimed in claim 1 wherein the heteroge- 
neous catalyst used is layered double hydroxide with tran- 
sition metal oxides selected from a group consisting of 
tungstate, molybdate, vanadate and their polyanions as poly- 
oxometalates having formula I: [M"(i_^3M'";^(OH)2] 
[M'^L/s-zHjO, which is derived from LDH having formula 
II [M^fi_^jM"'^0H)2lA'-],^.zH20 where M"" is an anion 
of transition metal oxide selected from a group consisting of 
W, Mo, V and A"" is an interstitial anion, selected from 
nitrate, chloride and M^^ is a divalent cation selected from 
the group consisting of Mg^, Mn=^*, Fe^. V^, Co^, Ni^*, 
Cu^*, Zn^* and Ca^* and M'" is a trivalent ion selected from 
the group consisting of Al^, Cr^\ Mn^% Fe^* and 
Co^, X is the mole fraction having integral value ranging 
from 0.2 to 0.33, and z is the number of water molecules and 
ranges from 1 to 4. 

3. A process as claimed in claim 1 wherein the tertiary 
amines, having the general formula R^R^NR^ wherein R^ 
R^ and arc the same or different and are the straight-chain 



25 or branched -chain groups selected from alkyi, alkenyl and 
aralkyls having C1-C24 carbons selected from dimethyl 
decyl amine, dimethyl docyl amine, dimethylbenzylamine, 
cyclic amines from imidazolines pyridines, N-substituted 
piperazines, or N-substituted morpholines. 

4. A process as claimed in claim 1 wherein the secondary 
amines used in the system are having general formula 
R^R^NH wherein R^ and R^ are the same or different and are 
the straight-chain or branched chain groups selected from 

35 alkyl, alkenyl and aralkyls having C1-C24 carbons selected 
from dibutyl amine, dibenzyl amine, N-benzyl 
phenethylamine, N-phenyl benzylamine, cyclic amines 
selected from piperidine, 1,2,3,4 tetrahydro isoquinoline. 

5. A process as claimed in claim 1 wherein 10-50% by 
40 weight of aqueous hydrogen peroxide is added slowly in a 

controlled manner during the period specified. 

6. A process as claimed in claim 1 wherein the catalyst 
inU-oduced in the system is 6-12 weight % anion of transi- 
tion metal oxides selected from tungstate, molybdate, vana- 

45 date and their polyanions as polyoxometalates. 

7. A process as claimed in claim 1 wherein the water 
miscible organic solvent used for the reactions is selected 
from the group consisting of methanol, ethanol, 1-propanol, 
2-propanol, 1-butanol, 2-butanol and isobutyl alcohol. 

50 8. A process as claimed in claim 1 wherein the amount of 
hydrogen peroxide used ranges between 2 to 6 moles per 
mole of secondary or tertiary amine. 

* * * * * 
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A composition for reducing free radical damage induced by 
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nium. The composition can be administered orally in the 
form of a gel, lozenge, tablet or gum. 
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ANTIOXIDANT PREPARATION 

TECHNICAL FIELD OF THE INVENTION 

The present invention deals with the combination of 
several synergistic antioxidants, enzymatic co-factors and 
amino acids in appropriate delivery vehicles employed in 
solid carriers, such as tablets, lozenges and gums as a means 
of preventing and ameliorating signs and symptoms and 
complications to the oro-pharyngeal cavity and mouth 
including buccal mucosa, gums and tongue and the upper 
respiratory trad from damage caused by free radical species. 
Such free radical species are induced by tobacco smoke, 
smokeless tobacco, ingested or chewed noxious, malodor- 
ous or harmful substances and other inhaled environmental 
pollutants and particulate matter, including tobacco to sec- 
ondary smokers, 

BACKGROUND OF THE INVENTION 

The deleterious effects of tobacco abuse are well known 
and regulatory agencies as well as the public constantly react 
to these scientific and epidemiologic evidences. Tobacco is 
indeed a worldwide public health hazard accounting for 
significant morbidity and mortality. Although smoking 
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significantly reduced in filler cigarettes when compared to 
non-filter counterparts. Thus, side stream smoke is a major 
contributor to environmental smoke, affecting both the 
smoker and their non-smoking counterparts, so called sec- 
ondary smokers. The lower rates of consumption of ciga- 
rettes with high smoke yields has not reduced the indoor 
polluUnts of carcinogenic substances and free radicals gen- 
erating potential of tobacco smoke produced in side stream 
smoke, albeit their diminished levels in mainstream smoke 
by smoking low yield tobaccos and filter cigarettes. 

Cigarette smoke induces oxidative damage to lipids, DNA 
and proteins, particularly protein-SH groups for this smoke 
contains high levels of both free radicals and aldehydes, 
including acetaldehyde (cthanol), propanol and acrolein, as 
well as other deleterious molecules. 

In U.S. Pat. No. 5,060,672 (Oct. 29, 1991) which is herein 
incorporated by reference, Irimi and co-workers disclosed 
an efficient filter for tobacco smoke. Their mechanical and 
adsorptive filtering component also provided chemo sorp- 
tive properties to reduce aldehydes in the cigarette's smoke. 

Tobacco, whether smoked as cigarettes, cigars or pipe or 
used as it is so-called smokeless or chewing modalities, 
causes common untoward effects in the oral cavity. Tobacco 



places an abundant oxidant insult to the oro-pharynx and ^ smoke has two chances to exert its deleterious effects in the 



respiratory tract, plus the local existing atmospheric pollut 
ants in that specific environ, evidence cites the oxidant 
burden is on the entire organism of the smoker, particularly 
development or enhancement of atherosclerosis, causing 
cardiovascular disease, chronic obstructive pulmonary dis- 3Q 
ease and various forms of cancer, including carcinomas of 
the mouth, pharynx, esophagus and lung. 

Tobacco is a substance consisting of the dried leaves and 
stems of the plant Nicotiana tabacum which contains the 
drug nicotine, which is very addictive. The plant is native to 35 
North America but is now grown worldwide. Tobacco abuse 
has been identified as the single most preventable cause of 
disease, morbidity and mortality. Tobacco smoke contains 
many toxic chemicals and free radical species. There are 



mouth; when it is inhaled by the smoker and on its exit 
during exhalation. The American Lung Association states 
that chewing tobacco, whether one calls it snuff, a chaw, a 
plug, spit or smokeless tobacco is still a form of tobacco. 
The nicotine content is akin to cigarettes and this tobacco is 
etiologically responsible for oral cancer, just where it is 
chewed or "stored," in the mouth, cheek or gums. 

Like cigarettes, evidence shows that cigars are also toxic 
and addictive. Cigar and cigarette smokers have a similar 
increased risk for oral and laryngeal cancers. While cigarette 
tobacco is generally flue cured with a resulting mildly acidic 
product, the slower curing methods for cigars render these 
mildly alkaline. At this pH, nicotine is more readily 
absorbed. Unlike cigarettes, cigars are less homogenous, and 



three principal ways to consume tobacco: smoking, chewing 40 vary in size and nicotine content. Cigar smokers may spend 

« 1- - 1 «- . . -iir- . A I Virgin, cmr^b-inrr a rinrrlA I'kmfi "Hai/ano" althnimh cr*m*> 



and dipping and snufiSng. 50 million Americans smoke and 
countless others are affected by tobacco smoke as secondary 
smokers. Children of smokers breathe this second-hand 
smoke and have more respiratory problems than children of 



an hour smoking a single large "Havana" although some 
actively inhale very little of this smoke; however, in non- 
inhalers, their nicotine levels may be elevated with no toxic 
co-absorption, as occurs in cigarette smokers. Cigar smokers 



non-smokers. Smokeless tobacco is used by as many as 12 45 also commonly hold an unlit cigar in the mouth, allowing 

" ~ ■ " further nicotine by local absorption. Thus, consumption of 
cigars may produce an equal or greater smoke burden of 
exposure and locally generate free radicals in the oral cavity 
which create deleterious effects and a risk of oro-pharyngeal 



million individuals and has a detrimental effect on the oral 
cavity plus systemic effects from buccal absorption of 
nicotine and other chemicals. Chewing looseleaf tobacco 
and "dipping" moist, ground snuff tobacco are common uses 



of tobacco without smoking. "Snuffing," that is, "snorting" 50 disease. For cigars, as for pipe tobacco and smokeless 

■ .. .1 1 4aU. tUAM 4 mill 1 ttf a riH i fi fn rm <i ti nn rnr 



dry powdered tobacco into the nasal passageways is rarely 
used in this country. Health risks from smokeless tobacco 
are still very significant and it is not a substitute for smoking. 

Studies have estimated that tobacco smoke has over 3,000 
different constituents, of which a number are toxic, some are 
carcinogenic and many generate free radical species. Most 
of these compounds have been identified in so-called main- 
stream and side stream tobacco smoke. The former is that 
volume of smoke drawn throu^ the mouthpiece of the 



tobacco, there is less available publicity and information for 
consumers than for cigarette smokers, although concomitant 
administration of synergistic antioxidant compositions of 
the present application may help prevent oral cancers and 
55 ameliorate oro-pharyngeal complications of tobacco abuse, 
whether from cigarettes, cigars, pipe or smokeless tobacco. 

Cigarette smoke is divided into two phases, tar and 
gas-phase smoke. Cigarette tar contains high concentrations 
of free radicals. The most common oxidants include semi- 



tobacco product during pufiEng while side stream smoke is 60 quinooe which is in equilibrium with hydroquinones and 



that smoke emitted from the smoldering cigarette in between 
puffs. Although tar and nicotine are retained in the filter of 
cigarettes, this applies mainly to mainstream smoke, when 
comparing filter and non-filtcr cigarettes. Mainstream smoke 



quinoncs, particularly in the viscous tar matrix. Many tar 
extracts and the oxidants, including the latter, are water 
soluble and reduce oxygen to superoxide radical which can 
dismutate to form HjOz- Importantly, glass-fiber type ciga- 



emission is also markedly reduced both in low and in ultra 65 rette filters retain aUnost all of the tar particles that are larger 



low tar yield cigarettes. However, the emissions of toxic and 
carcinogenic components in side stream smoke are not 



than 0.1 micron. Thus, the filter acts as a trap for tars in 
cigarette smoke. 'ITiere are an inordinately large number of 
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free radicals, greater than 10^*, in each puff in the gas-phase tures of the oral cavity may be damaged by inhaled, ingested 
of cigarette smoke. While the oxidants in tar are stable, those or chewed noxious substances and gaseous and particulate 
organic radicals in the gas phase smoke are reactive carbon materials, especially in both active and passive smokers, as 
and oxygen centered radicak with extremely short half lives. well as injuries by systemic xenobiotics and by endogenous 
Interestingly, concentrations of free radicals arc maintained 5 processes, such as inflammatory reactions. Reactive oxidiz- 
at high levels for more than 10 minutes and tend to increase ing species, as induced by inhaled tobacco smoke, ozone and 
as tobacco smoke is aged. It is thus considered thai these gas nitrous oxide are important factors in generating free radi- 
phase smoke oxidants are in a steady slate as they are both cals and inducing inflammatory reactions. As in other 
continuously formed and destroyed. The latter reactions are tissues, antioxidant enzymes exist in the oro-pharynx and 
similar to those noted to occur in smog, pointing to the extra include superoxide dismutase (SOD), which converts super- 
noxious stimuli to primary and secondary smokers in pol- oxide to hydrogen peroxide and catalase which reduces 
luted atmospheric environments. Although the best protec- hydrogen peroxide to water. This reaction may also be 
tion from cigarette smoke oxidant damage is cessation of catalyzed by selenium as a cofaclor to Ihe enzyme glu- 
smoking with personal and "environmental" abstinence, tathione peroxidase using reduced glutathione (GSH) as a 
antioxidant protection is rendered by oral solutions, sprays substrate. GSH-peroxidases may also reduce lipid peroxides 
and aerosol administration, as taught by the present to the corresponding alcohols also using GSH. 
disclosure, and by supplemented dietary means, as sug- Glutathione, a sulphur containing tripeptide (L-gamma- 
gested by some clinical investigations. These oral sprays and gluiamyl-l-cysteine-giycine) is the most abundant non- 
inhalatory measures would ameliorate and delay putative protein thiol in mammalian cells and is recognized as the 
tobacco oxidant damage in smokers and their nearby non- primordial antioxidant. Glutathione, in its reduced form, 
smoking neighbors, as well as for those who use chewing known as GSH, acts as a substrate for the enzymes GSH- 
(smokeless) tobaccos. S- transferases and GSH peroxidases (with selenium 
In addition to the above, in other in vitro studies gas phase cof actor) that both catalyze the reactions for the detoxifica- 
cigarette smoke was assessed in its fiUered and whole tion of xenobiotic compounds and for the antioxidation of 
(unfihered) states for oxidative effects on human plasma. 25 reactive oxygen species and other free radicals. GSH syn- 
Investigators noted the prevalence of lipid peroxidation in thesis takes place in two steps: 

plasma after exposure to the gas-phase smoke, but not to the An initial rale limiting step catalyzed by gamma 

whole cigarette smoke. The reaction of lipid peroxidation glutamyl cysteine synthetase to form gamma glutamyl 

did not commence until the endogenous ascorbic acid had cysteine. 

been consumed, that is, vilamm C was oxidized completely. 3Q (2) Glutathione synthetase catalyzes the reaction between 

It was noted that cigarette smoke exposure caused oxidation glycine and glutamyl cysteine to form GSH. 

of plasma protein thiols (methionine and cysteine amino intracellular stability is conferred to GSH by the gamma 

acid hnkages) and low density lipo-proteins. It was con- glutamyl bond's resistance to intracellular peptidases. This 

eluded that lipid peroxidation induced by the oxidants of gas ^^^^^ [,g cleaved by gamma glutamyl transpeptidase 

phase smoke leads to changes in the hpoproteins associated 35 ^hich is usually located on the external surface of cell 

with atherogenesis. As noted in this disclosure, the syner- membranes. Its activity is high in the kidney, where GSH is 

gistic effect of reduced glutathione, selenomethionine and subject to renal clearance by tubular cells and by this 

ascorbic acid or an ascorbic acid derivative are beneficial to transpeptidation reaction, resulting in urine excretion or 

combating tobacco oxidants and both ameliorating and retransport to plasma as the constituent amino acids, 

delaying the effects of tobacco smoke on the oro-pharynx 40 gluumine, cysteine, and glycine. In this pool, along with 

and the upper respiratory mucosa. nutritionally derived amino acids from digestion and small 

Cells subjected to oxidative stress may severely affect bowel absorption, these amino acids are available to the liver 

cellular function and cause damage to membrane lipids, to for GSH synthesis, llie liver and lung also export GSH in its 

proteins, to cytoskeletal structures and to DNA. Free radical oxidized form denoted as GSSG, which is produced when 

damage to DNA has been measured as formation of single- 45 peroxides are detoxified by GSH peroxidase. GSSG is 

strand breaks, double-strand breaks and chromosomal aber- recycled back to the reduced form, GSH, by glutathione 

rations. Cells exposed to ionizing radiation and cigarette reductase in a reaction with NADPH. 

smoke have also been demonstrated to have an increased I'he ubiquitous glutathione plays a vital function in main- 

intracellular DNA damage, a precursor of mutations and taining the integrity of the reactive oxygen species- free 

development of malignancies, 50 radical sensitive cellular components. This is accomplished 

Macrophage cells and neutrophils have their phagocytic through its direct role as an antioxidant, in its reduced (GSH) 

activity associated with the so-called "respiratory burst" form, as well as a cefaclor as aforementioned. In cells, GSH 

reaction, which is dependent on plasma membrane NADPH concentrations for antioxidant activity are maintained in 

oxidase activity. The resulting oxygen radicals may then be equilibrium by the enzyme glutathione reductase. Under 

transformed to H^Oj by superoxide dismutase. Investigators 55 slates of GSH depletion, including malnutrition and severe 

have shown that aiiokers have a higher "respiratory burst" oxidative stress, cells may then become injured from excess 

reaction of alveolar macrophages and peripheral neutrophils free radical damage and die. 

than non-smokers and the former also have higher incidence Other non-enzymatic molecules playing an antioxidant 

of oral and respiratory signs and symptoms than non- role include the ascorbales (vitamin C) which, as free radical 

smokers. It was determined that there is a decrease of the 60 scavengers, also react with oxidized glutathione (GSSG) and 

effect of this "respiratory burst" reaction in smokers supple- reduce it to GSH. Also, in the lipid membrane of the cells, 

mented with oral mega doses of antioxidants. The intra -oral the hydrophobic alpha-tocopherols (vitamin E) act syner- 

and inhalatory preparations of the present invention with gistically with vitamin C to inhibit lipid peroxidation, as 

synergistic antioxidants are thus beneficial to primary and may be induced by cigarette smoke, by actively scavenging 

secondary smokers. 65 lipid peroxides and other radicals. 

Because of the oro-pharynx's access to the environment, Various studies have correlated the importance of oxidant 

like the skin to oxygen and ultraviolet radiation, the slruc- stress to various organs resulting from tobacco smoke and 
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other Qoxious environmenlal factors and thus continue to 
exert a toll on the public health of all countries. Significant 
morbidity and mortality result from smoking tobacco from 
cigarettes, cigars, and pipes ard local oral pathology from 
chewing tobacco. Epidemiologic studies have strongly 
implicated tobacco in the pathogenesis of atherosclerosis 
and various malignancies, including oro -pharyngeal and 
respiratory tract neoplasias. Qironic cigarette smoking is 



Research has recently linked benzopyrene, as in cigarette 
smoke, with mutations to the human P53 gene leading to 
oral and respiratory malignancies. Notably, 3, 
4-benzopyrene is present in polluted atmospheres of large 
cities such as Los Angeles, Mexico City, and London, 
emanating as an exhaust product of motor traffic, especially 
dicscl engines. Breathing contaminated air with high con- 
centrations of this compound, particularly under foggy con- 



- cc J- 1 - J • -A ditions as in London, provides more than 100 times as much 

associated with appearance of free radicals mducmg oxida- ^^^^^^ ^^^^ P ^ ^ ^^^^^^ 

uve damage. Measurement m blood, urme and tissues of lo xhus, the use of the pfesent invendon as taught herein would 

be most beneficial to citizens, particularly if they are also 
smokers, of congested cities with much trafBc and with 
smog and fog. This provides to the individual another 
protective measure to such free radicals and mutagens 
In the oro-pharynx, cigarette smoke also accelerates the 15 generated in their bodies, not withstanding important mea- 



damage. 

various antioxidants or of by-products of free radical meta- 
bolic processes are supportive of tissue oxidant damage in 
the pathogenesis of various diseases associated with tobacco 
smoking and cnvirormiental pollutants. 



production of reactive oxygen species by recruiting local 
neutrophils and activation of phagocytic cells in response to 
the noxious agents. Attack by cigarette smoke and free 
radicals upon plasma proteins may be measured by carbonyl 
assay and by loss of enzyme activity and SH groups. 
Researchers have shown that whole and gas phase cigarette 
smoke elicit formation of carbonyl in human plasma, which 
is particularly inhibited by GSH. In contrast, exposure of 
human plasma to gas phase but not to whole cigarette smoke 
produces oxidative damage to lipids. 

Leukoplakia, a tobacco induced white patch on the buccal 
mucosa, as found in smokers, is a localized irritation due to 
direct contact of smoked or smokeless tobacco and it is 
direcdy related to the frequency and years of tobacco abuse. 
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sures to decontaminate the atmospheric pollutants and pub- 
lic heahh and personal efforts at tobacco cessation. 

Cigarette filters "trap" nicotine tars but not the gas phase 
compounds. Epidemiologic studies have been done in vari- 
ous countries to show the differential effects of tar content, 
amount of cigarettes smoked, type of tobacco smoked, and 
use of filters on oro-pharyngeal and pulmonary cancer risk 
in cigarette smokers. 

Cigarette smoke has untold effects through free radicals 
and other mechanisms of affecting other organs, such as the 
skin. Dr. Douglas Model of England in 1985 added to the 
medical lexicon the term "smoker's face" from a study with 
pictures of 116 cases and suitable non-smoking controls. 
Akin to photodamage, those with smoker's face appear older 



Although leukoplakia is a benign oral lesion, it has a 30 and have more wrinkles. They also have a greater frequency 



malignant potential, requiring a biopsy of the lesion to rule 
out cancer. Leukoplakia may regress or resolve completely 
when use of tobacco products \s discontinued. Adequate oral 
examinations by primary physicians and dentists is para- 



of cancers of the lips and mouth. 

Recently, sales of cigars have risen, partly due to their 
gaining popularity with women and the advent of the female 
friendly "cigar bar." Evidence, however, exists that cigar 



mount to reduce smoke induced mouth and teeth pathology. 35 carcinogenic particles exceed those of three cigarettes and 



In addition, tobacco contributes to other oral symptoms or 
pathologies of the mouth and teeth. Tobacco may cause 
halitosis, may numb the taste buds, and interfere with the 
smell and the taste of food. It may stain teeth and contribute 



the level of carbon monoxide is 30 times greater. Fumes 
from cigars are of greater consequence to secondary smok- 
ers. Epidemiologic studies reveal greater frequencies of 
heart disease, emphysema, and cancers of the mouth and 



to dental caries. Smokers have more dental tartar (calculus) 40 pharynx in cigar smokers when compared to matched non- 



than non-smokers. Tobacco is associated also with destruc- 
tive periodontal (gum) disease and tooth loss. Acute necro- 
tizing ulcerative gingivitis ("trench mouth") is a destructive, 
painful inflammatory condition occurring mainly in ciga 



smokers. 

There are a number of preparations on the market as 
dentifrices, gels, breath fresheners and mouthwashes and 
oral rinses to protect the mouth and teeth from the effects of 



rette smokers. Swelling of the nasal and sinus membranes 45 chewed or smoked tobacco. Cigarette tar may deposit on the 



have also been associated, purportedly, in individuals who 
are "allergic" to tobacco smoke. 

Besides leukoplakia, another generalized whitish hue on 
the buccal mucosa represents the entity of oral submucous 



teeth, gums, tongue and other surfaces of the oral cavity of 
smokers. Tobacco tar, a dark, oily, viscid blend of polycyclic 
aromatic and aliphatic hydrocarbons, is produced in 
cigarettes, cigars, or pipe smoke by the burning of the 



fibrosis. This disease occurs mainly in India and is a chronic, 50 tobacco. Tte smoker inhales the tar and other tobacco smoke 



progressive premalignant condition. The etiology is chronic 
chewing of tobacco or areca nut or both. The fibrosis results 
in restriction of mouth opening and involves the palates, 
tonsillar fossa, buccal mucosa and underlying muscle. Asso- 



combustion products are sucked into the oral cavity and 
respiratory passages. The smoke is then exhaled, passing a 
second time through the mouth of the smoker, anew depos- 
iting tar. This causes discoloration of the teeth and other oral 



ciated with this condition is also oro-pharyngeal carcinomas, 55 surfaces. Not only may there be smoker's "bad breath" but 



also with a high frequency in India and associated in 70% of 
cases with chewing tobacco. Smokeless tobacco and areca 
nut usage is also common in Pakistan, Bangladesh and Java 
and in these and Indian immigrants to the United States and 
United Kingdom, 

Over 30,000 new cases of cancer of the oral cavity are 
diagnosed annually, accounting for two to four percent of all 
new cancers. Oral cancer kills 8,000 patients each year and 
only half of cases diagnosed annually have a five year 



also tooth decay and gum disease. Smokeless tobacco is 
equally locally deleterious. Food particles, oils and other 
substances may also be deposited on mouth surfaces. The 
tars and mainstream smoke will elicit free radical and 
60 inflammatory responses in the mouth and other mucosal 
surfaces. The antioxidants and reparative preparations of 
this invendon may be prepared as oral and dental compo- 
sitions as well as with optional added ingredients that are 
also breath fresheners, fluorides, anti-microbials, and solu- 



survival. The great majority of these patients are users of 65 bilizersof tars and essential oils. Mostof the dental products 
tobacco products. Other risk factors include alcohol abuse, used as "anti-tobacco" are in the form of toothpastes and 
nutritioaat deficiencies and poor oral hygiene. gels. 
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Diamond patented a combination of noD-ionic and anionic employed in a gum, tablet or lozenge delivery systems to 

surfactants with at least one essential oil as dental and oral prevent and ameliorate free radical damage induced by 

preparations for smokers for solubilizing and removing smoking and environmental pollutants to the structures of 

tobacco tars as well as onion and garlic essential oils. U.S. the oro-phaiynx and upper respiratory tract. Active ingredi- 
Pat. No. 5^14,366 (May 7, 1996), herein incorporated by 5 ents include reduced glutathione, selenium as an clement or 

reference, teaches complimentary uses of the preventive and as a seleno amino acid like selenomethionine and optionally 

reparative effects of the present invention. the sulphur-containing amino acids L-cysteine and 

GSH has been shown to have multiple functions in N-acetyl-L cysteine and/or L-methionine. As further 

detoxification and its depletion in extracellular fluids and optional ingredients, the composition contemplates the use 

cells is associated with an increased risk of chemical tox- ascorbic acid and/or its derivatives, alpha-tocopherols 

icity. Although there are large variations in dietary sulphur g^^j/Q^ derivatives. Depending upon the target oigan and 

amino acid content, these variations do not correlate with additional disease states or conditions encountered, other 

GSH levels m the blood plasma pool These GSH levels, anti-oxidants or molecules may be included in these prepa- 

however, do vary with age race and gender of human ^^^.^^ ^^^^^ ^^.^^ ^1^^ 

subject and with dietary habits and intakes. InvesUgato^^^ superoxide dismutase, vitamin A and/or beta^arote no. zinc 

have reported that extracellular pools of GSH, including < , 

plasma, respiratory tract lining fluid and oral and smaU A"'^"'*^ compounds. 

intestinal lumen are GSH vital protectants against chemi- DETAILED DESCRIPTION OF THE 

cally induced injury. These would include the chemicals in INVENllON 

tobacco smoke and other enW^ronmentalpoUutants as welU^ Antioxidants have been found to inhibit afl stages of 

chemicals in smokeless tobacco preparations and other 20 . . . .u m ^„ ^ . 

chewable or orally ingested substances Tlie aforementioned carcinogenesis whereas other antioxidants are more specific 
pools, through GSH and related synergistic antioxidants, as thus more effecUve against tumor mitiation or promo- 
proposed in the present invention, detoxify chemicals or t^mor progression. Glutathione and selenium have 
extracellularly, supply GSH and its precursor amino acids to been shown 10 play pnme roles in protecuon of carcmogen- 
cells and protect the extracellular surface of the plasma 25 ^^is and also in prevenlmg other cancers, when selenium is 
membrane from damage. Alterations in GSH status could taken orally thereby replenishing selenium body stores, 
thus alter this regulatory function by GSH and thereby lower Likewise, glutathione, inhibits carcinogenesis, and indeed 
the threshold for chemically induced cell death by apoplosis, when its concentration is suppressed by chemicals so that 
making GSH both a useful protectant to and bio marker for glutathione levels are significantly lowered, chemical car- 
risk from a variety of single or mixtures of deleterious ^ cinogenesis is enhanced and progression of tumor numbers 
chemicals, such as in various types of tobacco. and tumor size increases. Reducing the intracellular levels of 

Some mammalian cells are able to absorb intact the in cells increases their sensitivity to oxidant damage, 
tripeptide glutathione. It may also be synthesized by some studies have shown that increases in intraccUular GSH are 
organs, particulariy the liver. Various scientific papers have beneficial. An L-cysteine deUvery agent not only enhanced 
addressed a method for proper replacement of glutathione, endothelial ceU GSH concentration, but also protected these 
particularly to increase cellular levels m glutathione ^^^^ ^^^^ endogenous hydrogen peroxide, 
depleted states. Certain diseases cause glutathione depletion preventive role of GSH is of significant biologic value, 
from interaction cndogcnously with metabolic without being bound to any particular theory, it is noted that 
intermediates, the various deleterious free radical species. ^^^^^^^ glutathione is employed in protecting cells against 
LabeUng glutathione, at the intraceUular level as the anti- oxidative stress by itself being oxidized. Thus, L-glutathione 
dote physiologically appomted to the neutrahzation and thus ^ combination with other enzyme systems in order 
detoxification, by the formation of covalent bonds, of highly ^^^^ ^ ^ ^^^^^ ^^^^^ ^^^^ ^ ^^di^^l 
reactive toxic substances of endogenous or exogenous scavenger. GSH functions also coordinately with the 
origin," PUotto and coworkers patented dipeptide com- enzyme glutathione peroxidase which requires selenium as 
pounds with pharmaceutical properties to re the body s ^ ^^^^^^^^ ^^^^^ -j^ (^^^j^^^ antioxidant function. Sele- 
glutathione levels. Their U.S. Pat. No. 4,76U99 dated Aug. ^.^^ compounds have been shown to scavenge oxygen- 
2, 1988, teaches raising gluUthione levels by vanous routes, ^^^^^^^ ^ ^^^-^^^ ^ ^.^^ ^j^l^ ^^^^^^ glutathione through 
including oral, inhalaUon and parenteral methodologies. glutathione peroxidase. It is believed that selenium-GSH 
Meister, in U.S. Pat. No. 4.710,489 issued Dec 1 1987 ^^^^^j^ase catalyzes toxic hydrogen peroxidase in the pres- 
teaches new molecules to increase cellular levels of gtu- ^^^^ ^^^^^^ glutathione. This reacUon reduces glu- 
tathione. The mvention of the 489 patent deals with using ^^^^^^^^ oxidized glutathione GSSG. In turn, the GSSG is 
pure alkyl mono-esters of glutathione, wherem the ester is a ^^^^^ ^^^^ ^^^^ ^^^^^^ reductase thereby 
glycme carboxylic aad. TTjese molecules may be admmis- maintaining abundant ceUular GSH to scavenge free radicals 
tered orally or by injection. anew 

It is thus an object of the present invention to provide '^^^^ ^^^^^^^ ^^^^^ glutathione 

vanous compositions and methods of employmg such com- ^^^^^^^^ ^^^^^ peroxidation are related to 

positions for preventing and amehorating signs and symp- J^^^^ [ ^^^^^.^^ inter-related and synergistic in 

toms and complications to the oro-pharyngeal cavity and ^^^iJf non-enzymic scavengers and enzymic and 

mouth mcluding buccal mucosa, gums, teeth and tongue as ^ ^^.^^^ antioxidants. 

well as the upper respiratory tract as a resuU of tobacco ,;,<;,, -.u 1 * r . 1 . .u- -j 
oxidants and other gaseous and particulate matter poUutants. ^ 1- ^^H with selenium co-factor glutathione peroxidases 

-niese and further objects wiU be more readUy appreciated elmimate toxic peroxides. . ^ ^. , . 

when considering the foUowing disclosure and appended 2. GSH reduces oxidized forms of ^atamln C which, m 

claims vitamm E m its reduced form promot- 
ing its metabolic functions. Thus, GSH supports the 

SUMMARY OF THE INVEN-nON ^5 f,ee radical reductions and free radical cbain- 

The present invention is directed to a composition of terminating functions of the two nutrient antioxidants, 

synergistic antioxidants and the use of this composition vitamins C and E. 
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3. GSH functions through glutathione S-lransferases to 
deloxify reactive aldehydes created during the process 
of lipid peroxidation. 

As noted too, some cells have sodium dependent up-take 
systems for GSH, allowing cells to use both exogenous GSH 
and endogenously synthesized GSH, thereby enhancing a 
cell's ability to survive oxidative and free radical species 
damage. Id this fashion, extra-cellular GSH also protects 
cells' survival. 

Investigative studies have shown that cells' viability 
correlates best with content of GSH in mitochondria. In the 
absence of GSH, lipid peroxidation is uncoDtrolled and leads 
to cell injury and death. Conversely, GSH protects cells from 
the ravages of free radicals, working synergistically with the 
antioxidant enzymes and the dietary vitamin antioxidants. 

For those in the chicle or gum industry, the compositions 
of the base for both sugar containing chicles and reduced 
calorie chewing gums and bubble gums are well known. The 
present invention can be used with reduced calorie gums, 
particularly with the polyols xylitol and sorbitol, but this 
invention is not restricted to these sweeteners. These chew- 20 
ing gums generally contains 20-30% of a water insoluble 
gum base, and from 30 to 90% of a filler or texturizing agent 
(called bulking products). Water soluble flavorings are also 
added. The gum base may also contain plasticizers or 
softeners to improve the consistency and texture of the gum. 
Some of these chicles are saliva stimulating chewing com- 
positions with specific salivary stimulants. One such com- 
position is taught by Cherukuri et al. in U.S. Pat. No. 
4,980,177 dated Dec. 25, 1990, which is herein incorporated 
by reference. 

Another method for the application of the active ingredi- 
ents of this invention in the chewing gums, bubble gums, 
lozenges and tablets is to incorporate the various 
antioxidants, minerals and amino acids in liposomes or other 
state of the art encapsulating vehicles, akin to nanospheres, 
glycospheres and others as used in topical compositions. 
Liposomes are lecithin spheres that form an oil protective 
membrane around the putative active ingredients of these 
compositions. These carriers also deliver the active ingre- 
dients locally for their preventive and therapeutic functions 
as well as systemically through buccal mucosal absorption. 
Unger and co-workers have taught therapeutic drug delivery 
systems comprising gas-fiUed liposomes which encapsulate 
the active preparation in U.S. Pat. No. 5^80,575 dated Dec. 
3, 1996, which is herein incorporated by reference. Earher, 
Chakrabarti et al. and U.S. Pat. No. 5,5380,531 dated Jan. 
10, 1995 which is also herein incorporated by reference, 
disclosed preparations comprising a lipid and a modified 
peptide for encapsulating amino acids into liposomes. 

As noted above, xylitol is contemplated for use herein as 
a sweetener to mask the taste of the present active ingredi- 
ents. Xylitol chewing gums have been evaluated in various 
field studies for their ability to influence the rates of dental 
caries in children. Makinen and co-workers did a 40 month 
double bhnd cohort study of nine treatment groups, includ- 
ing various doses of xylitol, on the relationship between the 
use of these chewing gums and the development of cavities. 
The study was performed in 1989-1993 in Belize on 1,277 
children. They showed significant reductions in rates of 
dental caries in xylitol treated groups, compared with the 
no-gum chewing group and concluded that the systematic 
usage of polyol based chewing gums reduces the frequency 
of cavities, with xylitol chicles being even more effective 
than sorbitol gums. Other studies have also revealed that 
high content xyHtol confections, including candies and 
chewing gums are not only non-cariogenic but also inhibit 
caries. 



As a further preferred embodiment, the current applica- 
tion contemplates coating chewing gums with at least some 
active ingredients to prevent dental caries and dental plaque, 
like the aforementioned xylitol sweetener and flavors plus 
anti-halitosis compounds, line zinc salts, to act as breath 
fresheners and to combat oral malodor. The synergistic 
complex of antioxidants will be paramount and include, as 
stated, at least approximately 0.5 mg L-glutathione, 5 mcgm 
selenium as selenomethionine and optionally 15 mg vitamin 
C and 10 lU vitamin E to neutralize and scavenge free 
radicals in the oral cavity. Other optional ingredients include 
superoxide dismutase, vitamin A, beta-carotene, the amino 
acids cysteine, methionine, taurine, and/or arginine, as well 
as zinc salts, such as zinc acetate or zinc gluconate. The 
substances incorporated in the gum are released in the mouth 
to exert their beneficial effect during the process of masti- 
cation. The active ingredients may act locally and may also 
be absorbed through the buccal mucosa for systemic use. 

Hill in the '530 patent summarizes referenced patents 
which deal with chewing gums which provide flavors and 
which deliver active substances into the oral cavity. For 
example, U.S. Pat. No. 3,075,884 teaches the mixing of 
active ingredients in corn syrup which is coated unto a gum. 
U.S. Pat. No. 3,011,919 teaches a method for incorporating 
actives by providing coatings with wet sugar. U.S. Pat. No. 
3352,689 discloses formulations of a sugarless gum, also to 
release actives in the mouth. 

Hill's '530 patent also discloses a number of references 
dealing with chewing gum compositions containing anti- 
plaque properties. In addition, HiU also teaches the use of 
xylitol and sorbitol in chewing gums. 

Westall et al in U.S. Pat. No. 3,821,417 dated Jun. 28, 
1974, which is also herein incorporated by reference, dis- 
closes the use of dihydrochalcone as well as the use of 
35 various antioxidants in chewing gums, namely butylated 
hydroxy anisole, butylated hydroxytoluene and propyl gal- 
late. 

Although the chewing gmns and bubble gums of this 
invention will preferentially be reduced-calorie 
compositions, the present invention may optionally include 
compositions with meiabolizable sugars. These chewing 
gums compositions are well known in the industry and can 
include a gum base (about 40% to 60% by weight of the 
composition), which comprise an elastomer, a polyvinyl 
acetate polymer, an acetylated monoglyceridc, a wax with 
melting point below 60 degrees C, an elastomer solvent, 
plasticizer and a filler. The gum is then provided with the 
present synergistic antioxidant complex so that each piece of 
gum has approximately at least 0.1 mg L-glutathione, 2.0 
mcgm selenium as selenomethionine, 10 mg ascorbic acid, 
2.5 lU vitamin E and 1.0 mg L-cysteine or 1.5 mg N-acetyl 
cysteine. It is noted that the reduced calorie gum could 
contain xylitol or lactitol as the sweetener while the standard 
calorie gum will have suaose, lactose or other mono-or 
di-sacharides, plus flavoring agents. Chewing gums may in 
addition contain saliva stimulating compounds, usually 
oiganic acids, such as described by Cherukuri et al. in their 
'177 patent. 

As optional embodiments, other ingredients may be added 
such as breath fresheners and breath cleansing (anti- 
halitosis) agents. Plevy taught in U.S. Pat. No. 4,740368 
dated Apr. 26, 1988, which is herein incorporated by 
reference, compositions with amylase as breath cleansing 
confections. Alpha amylases are synthesized by the salivary 
glands and exocrine pancreas and are able to digest carbo- 
hydrates. Plevy's preparation used 1-8-skb units of alpha- 
amylase of fungal origin to degrade starch. Along with 
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artificial sweeteners and flavoring, this enzyme is the main metabolized by mouth bacteria so that organic acids which 

ingredient of comestible confectionary bases, such as gums attack teeth are not produced. Xylitol reduces dental caries 

and lozenges. Separately, Pera in U.S. Pat. No. 4,775,525 and reduces the amount of plaque-forming bacteria 

dated Oct. 4, 1988 which is also herein incorporated by (streptococcus mutans) in the mouth. Various clinical studies 

reference teaches a dental formulation containing sodium 5 in other countries have confirmed the unique dental benefits 

alginate. It is used as a calcium chelating agent which of xylitol, thus it is of particular use in pediatric mellitus. 

weakens the bond between the plaque and the teeth. The Therefore, xylitol preferably will be used as a sweetener in 

referenced patent advocates the concomitant use of benza- these compositions, particularly in the chewing gums and 

Ikonium chloride and zinc. lozenges of the present invention for its known noncaloric, 

In addition to providing these synergistic anti-oxidants in lo salutory oral and dental effects, 

standard chewing gums, alternatives to chicle gum is con- Lactitol may also be used as a substitute for sucrose in 

templated. Conventional chewing gums are not digestible or sugar-free compositions of the present invention. Lactitol is 

biodegradable and cause on disposal unsighdy litter. Thus, a disaccharide sugar alcohol derived from lactose, highly 

gum base substimtes which arc edible have been the object water soluble and of low hygroscopicity, making it a suitable 

of various teachings. For example, U.S. Pat. No. 5,366,740 15 non-caloric sweetener for use in tablets and other solid 

by J. J. Shaw dated Nov. 22. 1994, which is herein dosage forms. 

incorporated, uses a wheat gluten preparation as an edible A number of compounds may be added to the present 
"chewing gum". Its manufacture includes calcium chewable tablets, lozenges, candies and gums in order to 
carbonate, glutinous rice fiour, and ascorbic acid as softeners enhance their aromas or tastes. These substances may also 
of the wheat gluten, as well as other ingredients commonly 20 impart fragrances to the aforementioned. Grapefruit and 
used as wheat flour dough conditioners. If used herein, such citrusy aroma and flavors have been included in smoking 
a chewable gum would also provide the present synergistic tobacco articles both prior to smoking and on smoking in 
anti-oxidanls appUcation to the oral mucosa to combat both the main stream and the side stream smoke. Methyl 
tobacco smoke, chewing tobacco or other environmental phenyl pentanol derivatives have been used to augment and 
ingested or inhaled pollutants which all induce free radicals. 25 enhance aromas, such as in perfumes and colognes. Schreck 
The edible gum may also have breath fresheners. All the patented these derivatives for use in tobaccos and tobacco 
components of this chewable gum, distinct from commer- articles as taught in U.S. Pat. No. 4,458,699 dated Jul. 10, 
cially available "chewable tablets" may then be swallowed 1994, which is herein incorporated by reference. Floral, 
while its protein and carbohydrate bases are digested. All green, weedy, fruity, minty, citrusy, oriental and green- 
residual vitamins, minerals, and amino acids not absorbed 30 pepper-like aroma and taste nuances are well known to those 
by the buccal mucosa during the process of chewing will be skiUed in the art of flavors and fragrances which can be used 
swallowed and then made available systemically to the body in the present oral compositions including chewing gums, 
following their intestinal absorption. This would be akin to bubble gums, chewable tablets, lozenges and candy, 
the aforementioned constituents in conventional chewing Flavored hard tablet and lozenges prepared pursuant to 
gums which are swallowed dissolved or dispersed in saliva. 35 the present invention are made with the recommendation 

When the present invention is in the form of gels, that the user dissolve them so that the ingredients are both 

lozenges, gums, candy, chewable tablets, or chewing gums, delivered to the oral cavity and remaining molecules, not 

flavoring may be added. Flavors may be based on oils of absorbed by the buccal mucosa, will be admixed with saliva 

spearmint and peppermint. Other flavoring materials may and swallowed normally. Candy in the form of tablets with 

include menthol, clove, cinnamon, wintergreen, citrus fruits, 40 various flavors and the sweetener xylitol are manufactured 

eucalyptus, aniseed and others which are commerciaUy using state of the art technology as known in the confec- 

available. Flavors may range in concentrations depending on tionary industry. These tablets are intended to carry the 

the product from about 0.1 to about six percent by weight of above described synergistic complex of antioxidants. For 

the total composition. example, one such tablet can have the following ingredients 

When the products are in a form of gels, bicarbonates may 45 in amounts as recited: 

be present in the composition with thickening agents, in a 4 (four) tablets equal the following dosage per day: 
concentration from 0.5 to 5.0% by weight. State of the art 
thickeners with a bicarbonate and zinc salts, include, but are 
not limited to chicle, xanthan, arabic, karaya or tragacanth 

gums. Alginates, carrageenans and cellulose derivatives 50 
such as sodium carboxymethyl, methyl, or hydroxyethyl 
compounds can also be included, as weU as surfactants and 
abrasives. In order to decrease dental cavities and add flavor, 
without using metabolizable sugars, sweetening agents as 

saccharin, sodium cyclamale, sorbitol, aspartamane, and 55 Lozenges may be "flavored" with standard therapeutic 

others may be used in concentrations from 0.005 to 5.0 per agents such as methol, eucalyptus, and ingredients known in 

cent wei^t of the total composition, although, as stated the "cold products" industry. 

xylitol is the preferred sweetener. The components of the present synergistic antioxidant 
Researchers in Finland showed that chewing gum con- complex may also be incorporated into chewable flavored 
Uining the natural sweetener xylitol reduced chronic ear 60 tablets. Such chewable tablets may be enhanced with sugars 
infections in children. Xylitol, a five carbon sugar alcohol, like sucrose, fructose and/or lactose. Alternatively, artificial 
found in birch and maple trees and corncobs, also has been sweeteners, such as xylitol, lactitol, sorbitol and the like can 
used to fight tooth decay, since local mouth bacteria cannot be used herein. Natural flavors such as citrus fruits, cherry, 
digest this sweetener. It appears that xylitol prevents bacteria strawberry, grape, and the various mint flavors, to name a 
from attaching to cells in the posterior area of the mouth 65 few, can be incorporated in chewable tablets of the present 
from whence they could enter the ear passages and cause invention. Inactive ingredients, as vehicles for these flavor- 
infection. Xylitol is of value for oral hygiene since it is not ings include dextrins, starch, silica, gelatin, hydrogels, mag- 
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30 Dig. 


Alpha IbcopheTol (Vitamin E) 
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Retinyl Acetate (Vitamin A) 
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10 mg. 
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□esium stearate aod phosphate, glycerides of stearic and 
palmitic acids, and usual fillers and thickeners as commonly 
employed in chewable t^lets and vitamins, such as are 
commercially available. 

Serving sizes of these chewable tablets may vary so that 
a consumer can ingest from one to four chewable tablets per 
day. The active ingredients contained within the tablet can 
be varied so that in consuming the recommended number of 
tablets, usually from one to four, the user will ingest the 



GSH serves as a specific donor substrate while selenium, 
provided fi^om alimentary sources or locally from topically 
administered preparations of selenium, selenoamino acids or 
selenium yeast extract, provides the prosthetic group of 
GSH peroxidase. The glutathione and selenium antioxidant 
functions are intrinsically related since by keeping a per- 
oxidase in action, the GSH and selenium, contribute to the 
removal of the dismutation product of free oxygen radicals, 
namely, hydrogen peroxide. In a broad sense, GSH and 



recommended or minimum daily requirement of the active lo selenium modulate free radical chains initiated or sustained 



ingredient as prescribed by dietary supplement guidelines. 

For example, a chewable tablet designed as a two a day 
dosage (morning and evening) would have the following 
active ingredients: 



L-Glutathione 


20 rag. 


Selenomethione 


25 mcgm 


Ascorbic Acid CWtamin Q 


30 mg. 


Alpha Tbcopherol (Vitamin E) 


15 lU 


Retinyl Acetate (Vitamin A) 


2500 lU 


LrCysteine 


10 mg. 



by hydroperoxides. Selenium is used in the present inven- 
tion for its role as an antioxidant as well as its anticarcino- 
genic and antimutagenic properties. Thus, selenium- 
glutathione complex may lower the level of potentially 
15 damaging peroxide radicals that are generated from various 
carcinogenic promoting chemicals, including lar phase and 
gas phase tobacco smoke inhaled by-products, particularly 
side stream smoke. 

Glutathione peroxidase, a group of water soluble 
20 enzymes, also catalyze the destruction of both aqueous and 
membrane-bound hydroperoxides. In dietary selenium 
deficiency, these enzyme levels are markedly decreased 
resulting in severe free radical damage to the tissues so 
involved. The other related antioxidant systems cannot make 



To this tablet, one could also include xylitol or lactitol as 
the sweetener with flavorings according to taste. 

In a most preferred aspect of the present invention, the 25 up for depressed local activity of selenium and selenium 



aforementioned oral or inhaled pharmaceuticals, amino 
acids and active antioxidant containing composition has a 
formulation for total daily consumption to include recom- 
mended daily allowances of reduced L-ascorbic acid, 
tocopherols, and other vitamins. In addition to 30 
L-glutathione, the preferred selenium dosage is approxi- 
mately at least 10 mcgm of elemental selenium per day most 
preferably 25 mcgm per day. This may also be used as 
selenomethionine, which is commercially available in a 
0.5% trihiration with dibasic calcium phosphate. This fine 35 
powder contains from 5,000 to 5300 mcgm of selenium per 
gram of the selenomethionine preparation. The composi- 
tions may also have about 30 lU of D,L-alpha tocopherol 
and about 1000 mcgm of vitamin A, as the retinol equivalent 



dependent enzymes. Thus, the importance of providing 
selenium in these intra-oral antioxidant preparations, as well 
as ascertaining adequate nutritional supplements. Selenium 
may be provided as a selenoamino acid, like 
selenomethionine, as such, is protected in oral liposomes. 

L-ascorbic acid (vitamin C) or its derivatives can be 
employed in these compositions primarily for their antioxi- 
dant activities. Stabilized vitamin C is employed so that it 
does not lose its physiological reducing activities because of 
its high susceptibility to oxidation. The minimum daily 
requirement for adults has been established. It appears, 
however, that cigarette smokers need supplemental vitamin 
C. Vitamin C, as an antioxidant, has been employed in 
vitamins, beverages, foodstufis, pharmaceuticals and cos- 



or 5,000 units as vitamin A with a range of 20-40% beta 40 metic preparations. Vitamin C has also been used for the 



carotene. These are recommended daily allowances and 
these active ingredients may be administered in oral 
Uposomes, cither each encapsulated alone or in combina- 
tions. Knight and co-workers in U.S. Pat. No. 5,049,388 
(Sep. 17, 1991), incorporated herein by reference, disclosed 
small particle aerosol liposomes. These particles had diam- 
eters less than 5 microns. Medications were combined with 
the liposomes such that the drug or active ingredient inter- 
acted with the liposome membrane. 

The aforementioned compositions may be particularly 
useful in the prevention and treatment of tobacco smoke or 
other gaseous or particulate matter exposure, including 
buccal damage from chewing tobacco. They represent a 
delicate balance of ingredients which serve not only to 
reduce the number of free radicals but also to inhibit the 
tissular metabolic oxidation. The more preferred formula- 
tions in accordance with the present invention also enhance 
the performance of the composition by recycling certain 
antioxidant ingredients in the formulation after these are 
absorbed and by offering the formulation allowing for long 
term use. These compositions when provided in suificicol 
dosage over a period of time may be useful in the treatment 
and the prevention of the damage caused in the oropharynx 
and upper respiratory tract, by exposure to tobacco smoke, 
smokeless tobacco and other envirotmiental pollutants. 

Glutathione and selenium act syneigistically in vivo as 
they are both constituents of the same enzymatic system. 



prevention of viral diseases and a preventative by its anti- 
oxidant properties of development of cutaneous pre- 
malignant lesions and maUgnant tumors. Sakai, et al in U.S. 
Pat. No. 5,508,390 (Apr. 16, 1996) have outlined uses of an 
45 L-ascorbic acid. Such stabiUzed vitamin C is used as an 
additive in various preparations. The emphasis of this prepa- 
ration of ascorbic acid is in its stabilizing and reducing 
function. Todd, Jr., in U.S. Pat. No. 5,084,293 (Jan. 28, 
1992), describes a method of using "activated" ascorbic acid 
50 preparations with antioxidant compositions. These include 
anhydrous compositions to embody propylene glycol or 
non-ionic surface-active agents to provide vitamin C with 
increased antioxidant activity in fats, oils, and carotenoids. 
Vitamin C, ascorbic acid, plays a major role in human 
55 metabolism. As an antioxidant, it protects the skin from free 
radical damage induced by radiation, tobacco smoke, and 
other inhaled or swallowed environmental pollutants. \^ta- 
min C promotes collagen synthesis, tissue repair and wound 
healing. Vitamin C also renders important protection against 
60 damaging chemicals associated with cigarette smoking, 
including nicotine, carbon monoxide, nitrogen oxides, nitric 
acid gas and others. Although ascorbic acid may be reduced 
in this scavenging role, the ascorbate radical may then be 
removed by the NaDPH enzyme systems as sources of 
65 reducing molecules. Thus, vitamin C may be recycled to 
abate or lessen the process of lipid peroxidation by its 
synergistic function with others. Markham in U.S. Pat. No. 
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4,822,891 refers to the oral administration of vitamin C to 
demonstrate its free radical attributes. Others have shown 
that chronic tobacco smokers had higher urinary levels of 
8-EPl-prostaglandin F2A than non-smokers. Oral supple- 
mentation with vitamin C suppressed urinary levels of this 5 
metabolite, suggesting a reduction of oxidant stress in these 
subjects. 

Cigarette smokers often have lower plasma levels of 
ascorbic acid than matched non-smoking controls. Clinical 
and investigative evidence suggests that smokers may have lO 
a higher ascorbic acid requirement and that supplementing 
dietary vitamin C may be protective to the smoker. In vitro 
studies have shown that antioxidants and reducing sub- 
stances may prevent the removal of elastase inhibitor capac- 
ity induced by cigarette smoke. is 

Other components were also investigated as being useful 
in practicing this invention, for example, the sulphur con- 
taining amino acid cysteine is one of the three amino acid 
constituents of the tripeptide antioxidant glutathione. Stud- 
ies have shown that cysteine and cysteine derivatives, as 20 
recited in U.S. Pat. No. 4,910^22 by Puricelli, have lique- 
fying and expectorating properties. These compounds may 
be administered by the oral route as a solid (capsules), or as 
a liquid (emulsions) and by aerosol sprays. 

Vitamin A is an essential nutrient. Relative vitamin A 25 
deficiency may adversely affect the skin and mucous 
membranes, including the mucosa of the oral cavity. These 
alterations are reversible on repletion with vitamin A or one 
of its derivatives. 



peppermint. Other flavoring materials may include menthol, 
clove, cinnamon, wintergreen, citrus firuits, eucalyptus, ani- 
seed and others commercially available for these flavoring 
purposes. 

Flavors may range in concentrations depending on the 
product from about 0.1 to about 6.0% by weight of the total 
composition. 

When the products are in a form of gel, bicarbonates may 
be present in the composition with thickening agents, in a 
concentration from 0.5 to 5.0% by weight. State of the art 
thickeners with bicarbonate and zinc salts include, but are 
not limited to chicle, xanthan, arabic, karaya or tragacanth 
gums. Alginates, carrageenans and cellulose derivatives 
such as sodium carboxymethyl, methyl, or hydroxy ethyl 
compounds as appropriate for the intended preparations, 
surfactants and abrasives may also be included. Alcohols 
will otherwise be avoided for their known risk factor for oral 
cancers. In order to decrease dental cavities and add flavor, 
without using metabolizable sugars, sweetening agents as 
saccharin, sodium cyclamate, sorbitol, aspartamanc and 
others may be used in concentrations from 0.005 to 5.0% by 
weight of the total composition, albeit xylitol, vide supra, is 
preferred. 

Lactitol may also be used as a substitute for sucrose in our 
sugar-free compositions. Lactitol is a disaccharide sugar 
alcohol derived from lactose, highly water soluble and of 
low hygroscopicity, making it a suitable non-caloric sweet- 
ener for use in solid dosage forms. 
A number of compounds may be added to the various 



Xylitol, the sweetest of all bulk sugar substimtes, tastes 30 liquid compositions of this invention in order to enhance the 



like sugar, leaves no aftertaste, and has 40% less calories 
than sugar. A caloric value of 2.4 kcal/gram is accepted for 
nutritional labeling. This five carbon sugar alcohol has a 
negative heat of solution which causes a cooling effect when 
it dissolves in the mouth, particularly concomitantly using 35 
mint flavors. When sugars are ingested, the micro-organisms 
in the mouth ferment the sugars with a consequent drop in 
pH, even to a low pH of 4. When the contents in the mouth 
are acid, there is demincralizalion of tooth enamel. Stimu- 
lated flow of alkaline saliva is then necessary to return the 40 
pH in the mouth to normal levels. Thus, use of xylitol 
reduces susceptibility to dental caries by helping to rcm- 
ineralize affected teeth and by inhibiting demineralization of 
healthy teeth. Studies have also shown that adults chewing 
xylitol gum or xylitol/sorbitol gums or mouth rinses develop 45 
significantly less dental plaque than controls chewing 
sucrose gums. Their dental plaque too showed an improve- 
ment in the ability to resist any drop in pH. In the xylitol 
groups, studies show that xylitol inhibits the growth of 
various oral cariogcnic bacteria, particularly those of Strep- so 
tococcus rautans. 

Although the susceptibility to dental caries is influenced 
by various factors including diet and eating patterns, tooth 
surface and salivary rates are also important. The resistance 
of the enamel and dentine may be increased by regular 55 
exposure of the teeth to fluorides systemically. This is 
accomplished via drinking water and fluoride tablets or 
topically via toothpaste, gels and mouthwash. Various stud- 
ies have demonstrated that consumption of even small 
quantities of xylitol enhances the beneficial effects of exist- 60 
ing fluoridation program, resulting in reduction in new 
caries. Similar trends have been observed when xylitol is 
applied topically such as a mouth rinse. 

When the present preparations are in the forni of gums, 
tablets or lozenges, flavorings may be added to these 65 
compositions, as per the state of the art in these respective 
industries. Flavors may be based on oils of spearmint and 



aromas or tastes of these preparations. These substances may 
also impart fragrances to the aforementioned. Grapefruit and 
citrus aroma and flavors have been included in smoking 
tobacco articles both prior to smoking and on smoking in 
both the main stream and the side stream smoke. Methyl 
phenyl pentanol derivatives have been used to augment and 
enhance aromas, such as in perfumes and colognes. Schreck 
patented these derivatives for use in tobaccos and tobacco 
articles in U.S. Pat. No. 4,458,699 (Jul. 10, 1994) which is 
herein incorporated by reference. Floral, green, weedy, 
fruity, minty, citrusy, oriental and green pepper-like aroma 
and taste nuances are well known to those skiUed in the art 
of flavors and fragrances for such compositions as in oral 
sprays, mouthwashes, mouth rinses, gels, dentifrices and 
other medicinal, nutritional or breath freshener products. 

Wahl and co-workers at the National Institutes of Health 
taught methods to treat chronic inflammatory diseases in 
U.S. Pat. No. 5,499,688 (Sep. 12, 1995), which is herein 
incorporated by reference. They administered effective 
amounts of nitric oxide scavengers to decrease the amount 
of putative nitric oxide present at the site of the inflamma- 
tion. These compounds belonged to complexes with 
L-aiginine, L-canavanine, citrulline and amino guanidine. 
They note, akin to the argument herein favoring the use of 
antioxidants to neutralize free radicals. This '688 patent 
augurs a method for treating gingivitis and periodontitis. 
Kleinberg in U.S. Pat. No. RE31181 (Mar. 15, 1983), which 
is also herein incorporated by reference, also teaches argi- 
nine and arginine peptides for oral care preparations. 

Over the centuries, Chinese herbalists have identified 
individual herbs that have either beneficial effects on the 
human body or even therapeutic properties. TTie National 
Institute of Health has recently established an agency for 
research in these so-called alternative therapies. 

It is preferred that the antioxidants of the present inven- 
tion be provided in a form which is as pure as possible. They 
should be present without noxious lubricants (sand, soaps. 
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talc), filleis, colors, binders, dLspersants or like adjuvants lions comprising a lipid and a modified peptide for similar 

sometimes employed as delivery excipieots in the aerosol uses of amino acids and peptides into liposomes. Knight et 

pharmaceutical industry. al. (U.S. Pat. No. '388) has uught about small particle 

Various products may be administered to reduce the aerosol hposomes and liposome combinations for medical 

viscosity of mucin in sputum. Productive cough is a com- 5 delivery uses, 

mon symptom. Mucus in the respiratory tract, especially in I claim: 

chronic tobacco smokers as well as other conditions includ- 1. A composition for reducing free radical damage 

ing cystic fibrosis, may be treated with cough syrups and induced by tobacco products and environmental pollutants 

expectorants, Ceramin and Tabachnik described the use of comprising, as active ingredients, reduced glutathione and a 

reducing sulfhydryl compounds to decrease the sputum lo source of selenium selected from the group consisting of 

viscosity in patients with pneumonia, chronic bronchitis and elemental selenium, selenomethionine and selenocysteine, 

cystic fibrosis in U.S. Pal. No. 4,424,216 (January, 1984), said active ingredients being combined with suitable carriers 

which is herein incorporated by reference. TTiey proposed as and flavorings for their intra-oral administration as gels, 

the preferred sulfhydryl agent WR 2721 to be given orally lozenges, tablets and gums in concentrations for reducing 

in capsules of gelatin so that in vivo it may then release free 15 free radical damage induced by tobacco products and other 

sulfhydryl groups. environmental pollutants to the oral cavity, pharynx and 

Cbugh suppressants, bronchodilators as well as agents upper respiratory tract of a user and secondary smokers, 

like cysteine, arginine, methionine, taurine, vitamin A and 2. 'He composition of claim 1 wherein each of said gels, 

others to reduce mucin viscosity may be added to these lozenges, tablets and gums contains at least approximately 

compositions. The latter will make sputum more liquid and 20 0.5 mg. of said reduced glutathione, 

easier to expectorate for these patients and for chronic 3. The composition of claim 1 wherein said gels, 

tobacco abusers. U.S. Pat. No. 4,927,850, herein incorpo- lozenges, tablets and gums contains at least approximately 5 

rated by reference, described methionine in oral or racgm. of said source of selenium. 

parenteral preparations for ameliorating inflammatory 4. The composition of claim 1 wherein said gels, 

symptoms of respiratory diseases. 25 lozenges, tablets and gums further contain at least approxi- 

As an optional embodiment, the compositions herein mately 15 mgofvitaminC as ascorbic acid or as a derivative 

described with synergistic antioxidants lo combat free radi- of ascorbic acid. 

cals in the oropharynx may also contain zinc or zinc com- 5. The composition of claim 1 wherein said gels, 

pounds. The state of the art of oral care and hygiene has long lozenges, tablets and gums further contain at least approxi- 

recognized the value of zinc to neutralize oral malodor and 30 inately 10 lU of vitamin E as alpha tocopherol, 

the value of zinc ions for their anti-plaque and anti-calculus 6. The composition of claim 1 wherein said gels, 

properties. Mouth rinses, mouthwashes, gels and dentifrices lozenges, tablets and gums further contain superoxide dis- 

will thus complement the properties of the xylitol sweetener mutase. 

in oral and dental preventative care. 7. The composition of claim 1 wherein said gels. 

Various patents have described different zinc compounds 35 lozenges, tablets and gums fiirther contain vitamin A. 

and other complexes in oral compositions. Domkc and 8. The composition of claim 1 wherein said gels, 

Bergman taught an aqueous zinc-polyamide complex as a lozenges, tablets and gums further contain beta carotene, 

solution for control of halitosis, dental care and to decrease 9. The composition of claim 1 wherein said gels, 

the aslringency and metallic taste of zinc in the mouth in lozenges, tablets and gums further contain at least one amino 

U.S. Pat. No. 5,587,147 (Dec, 24, 1996), which is herein 40 acid selected from the group consisting of cysteine, 

incorporated by reference. This patent discloses previous methionine, taurine and arginine. 

documents dealing with zinc salts such as zinc chloride, zinc 10. The composition of claim 1 wherein said gels, 

phenol sulfonate, zinc citrate and other zinc complexes, lozenges, tablets and gums further contain a zinc salt, 

some of which purportedly also exhibit oral antimicrobial 11. The composition of claim 10 wherein said zinc salt 

activities. The zinc ion concentrations in these compositions 45 comprises zinc glutonate. 

will be al least 0.1 to 3.0 weight percent and these will 12. A gum for reducing free radical damage induced by 

preferably be in an alkaline pH to avoid demineralization of tobacco products and environmental pollutants comprising, 

tooth enamel at acid levels. In any event, these aqueous as active ingredients, reduced glutathione, a source of sele- 

compositions will not have a pH below 6, and preferably nium selected from the group consisting of elemental 

about 7. 50 selenium, selenomethionine and selenocysteine, combined 

Anothermethodof application of the active ingredients in in a suitable carrier containing flavorings to produce a 

the gum, tablet or lozenge products of the present invention chewable gum in concentrations for reducing free radical 

is to incorporate the various anti-oxidants, minerals and damage induced by these tobacco products and other envi- 

amino acids in liposomes or other state of the art encapsu- ronmental pollutants to the oral cavity, pharynx and upper 

lating vehicles, akin to nanospheres, glycospheres and others 55 respiratory tract of a user and secondary smoker, 

as used also in topical compositions. Liposomes are lecithin 13. The gum of claim 12 wherein said gum further 

spheres that form an oil protective membrane around the includes a gum base comprising approximately 40 to 60% 

putative active ingredients of the composition. These carri- by weight of the gum composition, 

ers also dehver the active ingredients locally for their 14. 'The gum of claim 13 wherein said gum base com- 

prevcntive and therapeutic functions as well as systemically 60 prises an elastomer, a polyvinyl acetate polymer, an acety- 

Ihrough buccal mucosal absorption. Ungcr and co-workers, lated monoglyceride, a wax with melting point below 

in U.S. Pat. No. 5,580,575 (Dec. 3, 1996), which is herein approximately 60" C, an elastomer solvent, a plasticizer and 

incorporated by reference, have taught therapeutic drug a filler. 

delivery systems comprising gas-filled liposomes which 15. The gum of claim 12 comprising at least approxi- 

encapsulate the active preparation. Earher, Chakrabarti and 65 mately 0.1 mg reduced glutathione, 20 mcgm of said source 

associates, in U.S. Pat. No. 5,380,531 (Jan. 10, 1995), which of selenium and further comprising al least approximately 

is also herein incorporated by reference, disclosed prepara- 10 mg ascorbic acid, 25 lU vitamin E and 1.0 mg of a 
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cysteine selected from the group consisting of L-cysleine 
and N-acctyl cysteine. 

16. The gum of claim 12 further comprising a sweetener 
selected from the group consisting of xylitol, lactitol, 
sucrose, lactose and a saccharide. 

17. A lozenge for reducing free radical damage induced by 
tobacco products and environmental pollutants comprising 
as active ingredients, reduced glutathione and a source of 
selenium selected £rom the group consisting of elemental 
selenium, selenomethionine and selenocysteine combined in 
a suitable carrier to enable the lozenge to slowly dissolve in 
a user's mouth releasing said active ingredients in concen- 
trations for reducing free radical damage induced by tobacco 
products and other environmental pollutants to the oral 
cavity, pharynx and upper respiratory tract of a user and 
secondary smoker. 

18. The lozenge of claim 17 wherein said lozenge is sized 
so that a user would be administered said active ingredients 
in from one to four lozenges to supply a recommended daily 
allowance of said active ingredients. 

19. The lozenge of claim 18 wherein said lozenge is sized 
so that said one to four lozenges are sized to provide a user 
with approximately at least 40 mg reduced ^utathione, 25 
mcgm selenomethionine, 30 mg ascorbic acid, 15 lU alpha 
tocopherol, 2500 lU retinyl acetate and 10 mg L-cysteine, 
daily. 

20. A chewable tablet for reducing free radical damage 
induced by tobacco products and environmental pollutants 
comprising as active ingredients, reduced glutathione and a 
source of selenium selected from the group consisting of 30 
elemental selenium, selenomethionine and selenocysteine 
combined with a suitable carrier to enable the chewable 
tablet to be masticated by teeth of the user releasing said 
active ingredients in concentrations for reducing free radical 
damage induced by tobacco products and other environmen- 
Ul pollutants to the oral cavity, pharynx and upper respira- 
tory tract of a user and secondary smoker. 

21. The chewable tablet of claim 20 wherein said chew- 
able tablet is sized so that a user would be administered said 
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are sized to provide a user with approximately at least 40 mg 
reduced glutathione, 25 mcgm selenomethionine, 30 mg 
ascorbic acid, 15 lU alpha tocopherol, 2500 lU retinyl 
acetate and 10 mg L-cysteine, daily. 

23. A method for reducing free radical damage induced by 
tobacco products and environmental pollutants comprising 
administering in a suitable carrier, in concentrations for 
eflfectively reducing said free radical damage to the oral 
cavity, pharynx and upper respiratory tract of a user a 
combination of reduced glutathione and a source of sele- 
nium as a member selected from the group consisting of 
elemeotal selenium, selenomethionine and selenocysteine in 
the form of a gel, gum, lozenge or chewable tablet. 

24. The method of claim 23 wherein each of said gels, 
lozenges, tablets and gums contains at least approximately 
0.5 mg. of said reduced glutathione. 

25. The method of claim 23 wherein said gels, lozenges, 
tablets and gums contains at least approximately 5 mcgm. of 
said source of selenium. 

26. The method of claim 23 wherein said gels, lozenges, 
tablets and gums further contain at least approximately 15 
mg of vitamin C as ascorbic acid or as a derivative of 
ascorbic acid. 

27. The method of claim 23 wherein said gels, lozenges, 
tablets and gums fiirther contain at least approximately 10 
lU of vitamin E as alpha tocopherol. 

28. The method of claim 23 wherein said gels, lozenges, 
tablets and gums further contain superoxide dismutase. 

29. The method of claim 23 wherein. said gels, lozenges, 
tablets and gums further contain vitamin A. 

30. The method of claim 23 wherein said gels, lozenges, 
tablets and gums further contain beta carotene. 

31. The method of claim 23 wherein said gels, lozenges, 
tablets and gums further contain at least one amino acid 
selected from the group consisting of cysteine, methionine, 
taurine and arginine. 

32. The method of claim 23 wherein said gels, lozenges, 



active ingredients in from one to four chewable tablets to 40 ^^^^^^ gums further contain a zinc salt, 

supply a recommended daily allowance of said active ingre- 33. The method of claim 32 whercm said zmc salt 

jj^^jg' comprises zinc glutonate. 

22. The chewable tablet of claim 21 wherein said chew- 
able tablet is sized so that said one to four chewable tablets ♦ ♦ * * * 
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(57) ABSTRACT 

Commercially feasible methods for synthesizing various 
epothilones precursors needed for the preparation of final 
epothilones are provided, including techniques for the syn- 
thesis of epothilone segment C using a stereoselective 
Noyori-type reduction, and the coupling of epothilone seg- 
ments B and C using an aldol condensation reaction. The 
synthesis methods may be used to prepare naturally occur- 
ring segments as well as a large number of related analogs 
and homoiogs thereof. Final epothilones in accordance with 
the invention may also be of the naturally occurring variety 
(16-membered macroUdes), while the homoiogs and analogs 
thereof are preferably up to 20-membered macrolides. 

37 Clahns, No Drawings 



us 6,21 L 

1 

SYNTHESIS OF EPOTHILONES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention ^ 
The present invention is broadly concerned with methods 

for synthesizing various epothilone segments or precursors 
(either naturally occurring or analogs thereof) which can be 
used for the efBcient synthesis of complete epothilones. 
More particularly, the invention pertains to such synthesis m 
methods wherein, inter alia, the epothilone segment C is 
prepared using a unique Noyori reduction scheme, and 
epothilone segments B and C are connected via a novel aldol 
condensation reaction. These syntheses can be used to 
prepare the naturally occurring segments and a wide variety 15 
of corresponding analogs and homologs. 

2. Description of the Prior Art 

The epothilones (i6-membered macrolides which were 
initially isolated from the myxobacterium Sorangium 
cellulosum) represent a class of promising anti-tumor 20 
agents, and have been found to be potent against various 
cancer lines, including breast cancer cell lines. These agents 
have the same biological mechanism of action as Taxol, an 
anti-cancer drug currently used as a primary therapy for the 
treatment of breast cancer. Other potential applications of 25 
the epothilones could be in the treatment of Alzheimer's 
disease, malaria and diseases caused by gram-negative 
organisms. Other cancers such as ovarian, stomach, colon, 
head and neck and leukemia could also potentially be 
treated. The epothilones also may have application in the 
treatment of arthritis. 

In comparison to Taxol®, the epothilones have the advan- 
tage of being active against drug-resistant cell lines. Drug 
resistance is a major problem in chemotherapy and agents 
such as the epothilones have overcome this problem and 
hold great promise as effective agents in the fight against 
cancer. 

In addition, the poor water solubility of Taxol® has led to 
the formulation of this drug as a 1:1 ethanol-Cremophor 
concentrate. It has been determined that the various hyper- 
sensitive reactions in patients such as di£5culty in breathing, 
itchiness of the skin and low blood-pressure are caused by 
the oil Cremophor used in the formulation. The epothilones 
are more water soluble than Taxol® which has positive 
implications in its formulation. Further advantages of the 
epothilones include easy access to multi-gram quantities 
through fermentation procedures. Also the epothilones are 
synthetically less complex, thus structural modifications for 
structure activity relationship studies are easily accessible. 

The epothilones exhibit their activity by disrupting 
uncontrolled cell division (mitosis), a characteristic of 
cancer, by binding to organelles called microtubules that are 
essential for this process. Microtubules play an important 
role in cell replication and disturbing the dynamics of this 55 
component in the cell stops cell reproduction and the growth 
of the tumor. Antitumor agents that act on the microtubule 
cytoskeletoo fall into two general groups: (1) a group that 
inhibits microtubule formation and depolymerizes microtu- 
bules and, (2) a group that promotes microtubule formation 
and stabihzes microtubules against depolymerization. The 
epothilones belong to the second group and have displayed 
cytotoxicity and antimitotic activity against various tumor 
cell lines. 

It has been demonstrated on the basis of in vitro studies 65 
that the epothilones, especially epothilone B, arc much more 
effective than Taxol® against multi-drug resistant cell line 
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KBV-l. Preliminary in vivo comparisons with Taxol® in 
CB-17 SCID mice bearing drug-resistant human CCRF- 
CEMA^L xenografts have shown that the reduction in 
tumor size was substantially greater with epothilone B in 
comparison to Taxol®. 

In light of the great potential of the epothilones as 
chemotherapeuUc agents, there is a need for techniques 
allowing the practical, large scale, economical synthesis 
thereof. Furthermore, there is a need for synthesis methods 
which facilitate the preparation of various homologs and 
analogs of the known epothilones, and those having affinity 
labels allowing study of the binding interactions of these 
molecules. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems outlined 
above, and provides various practical, commercially feasible 
synthesis routes for the production of important epothilone 
precursors or segments in high yield. The invention is 
particulariy concerned with synthesis of the precursors or 
segments C, D (which is a combination of segments B and 
C) and vinyl halide epothilone precursors. 

In a first aspect of the invention, an epothilone precursor 
of the formula 




OP' 



is synthesized using a Noyori reduction reaction. In the 
foregoing formula, n^ is an integer from 0-4, R4 is selected 
from the group consisting of H, Cl-ClO straight and 
branched chain alkyl groups, substituted and unsubstituted 
benzyl groups, and Cl-ClO alkoxy groups, R5 and Rg are 
each individually and respectively selected from the group 
consisting of H, substituted and unsubstituted aryl and 
heterocyclic groups, Cl-ClO straight and branched chain 
alkyl groups, and substituted and unsubstituted benzyl 
groups, R7 is H or straight or branched chain Cl-ClO alkyl 
groups, and F is a protective group. The method comprises 
the steps of first providing a p-keto ester of the formula 

o o 

where n^, R5, Rg, R, and P are as defined above, and T is 
an alkyl group. This p-keto ester is then preferentially 
hydrogcnated at the C3 kcto group to form the correspond- 
ing hydroxyester. This is accomplished by reacting the 
P-kcto ester with a hydrogenating agent in the presence of an 
asymmetric organomctallic molecular catalyst comprising a 
metal atom or ion having one or more chiral hgands coupled 
thereto. The synthesis is completed by then converting the 
hydroxyester to the epothilone precursor. 

More preferably, nj is an integer from 0-4, R5, Rg and R7 
are each individually and respectively selected from the 
group coQsistiog of H and the straight and branched chain 
C1-C4 lower alkyls, and the protective group is benzyl. In 
terms of preferred process parameters, the hydrogenating 
agent is preferably Hj and the hydrogenating step is carried 
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out at a pressure of from about 30-100 psi, more preferably 
50-75 psi, and at a temperature of from about 40-100° C, 
more preferably from about 50-75** C. The reaction is 

nonnally allowed to proceed for a period of from about 12 ^^^^ 

hours to 5 days, and more usually for about 2-5 days. 5 | ^ 

Typically, the reaction mixture is agitated during the hydro- ^pr 
genating step. 

The catalyst used in the hydrogenation reaction is pref- 
erably one of the well-known Noyori catalysts such as where is an integer from 1-4, R is selected from the group 
RuBr2(S)-binap. However, a variety of other catalysts of this consisting of C4-C8 cycloalkyl, and substituted and unsub- 
lype can also be employed. The catalyst is generally used at stituted aromatic and he teroaro malic groups, Rj and R2 are 
a level of from about 1-25 mol % in the reaction mixture. each individually and respectively selected from the group 

In order to complete the reaction sequence, the hydrox- consisting of H, Cl-ClO straight and branched chain alkyl 
yester resulting from the Noyori reduction is converted to groups, substituted and unsubstiluted benzyl groups, and 
the epothilone precursor segment C. A number of routes can Cl-ClO alkoxy groups, P' is a protecting group, and M is 
be used to effect this conversion. Preferably, however, the gjihej bromine or iodine. This reaction involves first pro- 
conversion involves: (1) removing the P' protecting group viding an alkynyl ketone of the formula 
from the hydroxyesler to form a diol; (2) protecting the 
oxygen atoms of the diol, forming a protected diol; (3) 

reducing the ester function of the protected diol to a primary jHl op' 

alcohol; (4) oxidizing the primary alcohol to the correspond- 20 ^"V"^^^^ 

ing aldehyde; (5) reacting the aldehyde with a Grignard || 

reagent having the R4 group coupled thereto to form a o 
secondary alcohol; and (6) oxidizing the secondary alcohol 

to form the final eigthilone precursor. wherein n^ and F are as previously defined. Hiereafter, the 

Preferably, the F removal step mvolves reactmg the 2s „ i , . * ■ n j 1 . * 

hydroxyester with hydrogen in the presence of a calalyst f asyminetrically reduced to create the 

(e g., Pd(OH), or Pd/C) at a pressure of from about 40-100 ^1^0^^°] ^"^y^^l ketone. This alcohol form is then 

psi. The oxygen atom protecting step comprises reacting the reacted with a reagent system selected from the group 

diol with TBS chloride in a compatible solvent (i.e.. one that consistmg ofCRi)3Al and zirconocene dichloride or stannyl 

wiU not interfere with the desired reaction) at a temperature cupration reagent and Rj-halide to form a vinyl metal 

of from about ^O-lOO'* C. for a period of from about 30-60 species. The vinyl metal species is then reacted with- an aryl 

hours. The ester function reduction step is preferably carried or vinyl halide to form an allyl alcohol. This allyl alcohol is 

out by reacting the protected diol with the reducing agent then converted to the vinyl halide epothilone precursor. 

DIBAL-H at a temperature of from about -20 to -85*" C. The Normally, the asymmetric reduction step involves creat- 

oxidation of the primary alcohol is carried out most conve- ing the reduced form of the alkynyl ketone and the resulting 

niently using 4-methylmorpholine N-oxide and a catalytic 35 alcohol is protected using TBS as a protecting agent. The 

amount of tetrapropylammonium perruthenate. 'JTie Grig- R^-halide is selected from the group consisting of R^Br and 

nard reaction serving to attach the R4 group is entirely r^i. The conversion step preferably includes the step of 

conventional and well within the skill of the art; likewise, initially converting the allyl alcohol to an alkynyl stannane, 

the final oxidation of the secondary alcohol is trivial using reducing the stannane with chlorohydridozirconocene to 

the aforementioned oxidation procedure, i.e., NMO and 40 fo^m a 1,1-dimetaUo Zr— Sn species. The dimetallo species 

r L . - J • J J is then hydrated to form a vinyl stannane, which is then 

In another aspect of the myention, a method is provided ^ed with either iodine or bromine. Alternately, the 

for the production of epothilone precursor D, which is a Conversion step may be accomplished by transmetaUating 

combination of segments B and C. Segment C is of course ^.^^^^^^ sjecies with an organocuprate, quenching with 

produced as outlmed above. Segment B is of the formula 45 alkyl-R,-OTf, and final quenching with either iodine or 

bromine incorporating the Rj group. 



DETAILED DESCRIPTION OF THE 

i PREFERRED EMBODIMENT 

50 

The molecular architecture of representative epolhilones 

where is an integer from 1-4, and R3 is selected from the (Formulae A-B) reveals three essential domains. These 

group consisting of H, Cl-ClO straight and branched chain include the two chiral domains, namely the C1-C8 polypro- 

alkyl groups, substituted and unsubstiluted benzyl groups, pionate region and the C12-C15 region, and the achiral 

and Cl-ClO alkoxy groups. This segment can be eflBcienlly 55 spacer C9-C11 which unites the chiral domains. Additional 

produced using known techniques. structural features include a thiazole moiety, the C16 double 

The segments B and C are connected by first reacting the bond, a methyl group at C4 and a cis-epoxidc moiely 

segment C precursor with a base to form an enolate, fol- (CI 2-C 13) in the epothilones of Formula A. In the following 

lowed by reacting the enolate with the segment B. These formulae A and B, n^ is an integer from 0-4, n^ and are 

reactions are generally carried out by initially cooling the 60 each respectively integers from 1-4, R is selected from the 

base to a lemperamre of about -75° C., adding the segment group consisting of C4-C8 cycloalkyl, and substituted and 

C precursor and elevating the temperature of the mixture to unsubstiluted aromatic and heteroaromatic groups, Rj, Rj, 

about -40* C, then rccooling the mixture to at least about R3 and R4 are each individually and respectively selected 

-75* C. and adding the precursor segment B thereto. from the group consisting of H, Cl-ClO straight and 

The invention also is concerned with a method of syn- 65 branched chain alkyl groups, substituted and unsubstiluted 

thesizing vinyl halide epothilone precursors having the benzyl groups, and Cl-ClO alkoxy groups, Rj and R<j are 

general formula each individually and respectively selected from the group 
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consisting of H, substituted and unsubstituted aryl and 
heterocyclic groups, Cl-ClO straight and branched chain 
alkyl groups, and substituted and unsubstituted benzyl 
groups, R7 is H, or straight or branched chain Cl-ClO alkyl 
groups, X is either oxygen or NH, and Y is either oxygen or 

FORMULA A 




Scheme 1 below outlines a retrosynthetic analysis respect- 
ing the total synthesis of the epothilones of Formula A in 
accordance with the invention, where each Oj and equal 
1, R is 2-methyl-thiazol-4-yl, Rj is methyl, R2 is H or 

^ methyl, R3, R4, R5 and R^ are methyl, R, is H, and X and 
Y are oxygen. Standard epoxidation and macrolactonization 
strategies are used for the formation of the C12-C13 
epoxide moiety and the 16-membered macrolide. The analy- 

10 sis for other analog epothilones of Formula A is identical, 
and also for the epothilones of Formula B and its analogs, 
with the epoxidation step being omitted. Included among the 
novel features of this synthesis are the following; 



A novel route to the C1-C6 segment labeled C in Scheme 
1 that utilizes a stereoselective hydrogenation reaction, i.e., 
a Noyori reduction. 



FORMUUV B 
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A novel connection of segments C and the C7-C11 
segment B utilizing a diastereoselective aldol reaction that 
renders the required diastereomer. 



25 



A novel route to the C12-C20 segment A which provides 
maximum control over the geometries of the two double 
bonds i.e., C12-C13 and the C16-C17 double bond. This is 
achieved by using stereo- and regioseleclive hydro/carbo- 
metalation reactions starting from alkyne precursors. 





[Stille coupling | 
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Synthesis of Segment C (C1-C6 of Formula A) 

The synthesis of segment C has been accomplished via 
two unique and complementary routes, detailed in Schemes 
2 and 3 below, which illustrates the synthesis of the naturally 
occurring segment C. A novel step in the synthesis of the 
C1-C6 segment utilizes the Noyori hydrogenation of P-keto 
ester 4 to generate the requisite stereochemistry at C3. This 
Noyori hydrogenation (Noyori, R. et al., in Asymmetric 
Hydrogenation of p-Keto Carboxylic Esters. A Practical, 
Purely Chemical Access to p- Hydroxy Esters in High Enan- 
tiomeric Excess, 109 J. Am. Chem. Soc. 5856-5858 (1987)) 
provides the required enantiomer wi± high selectivilies 
(92-95% enantiomeric excess). The use of a Noyori hydro- 
genation reaction permits large, commercial scale produc- 
tion of segment C. 

Tlie required P-keto ester 4 is obtained in two steps from 
the readily available starting material 3-benzyloxypropionic 
acid (2). Asymmetric hydrogenation of 4 in methanol using 
RuBr2(S)-binap as catalyst at 60 psi gives the 
p-hydroxyester 5 in 71-85% yield (92-95% ee). Deprotec- 
tion of the benzyl ether and bis-silylation of the resultant diol 
6 provides ester 7. The ester is reduced to the known primary 
alcohol 8 using DIBAL-H. The alcohol is then oxidized to 
the known aldehyde 9 using a previously unreported oxida- 
tion procedure. The aldehyde is then reacted with EtMgBr 
using a reported procedure (Claus, et al., Synthesis of the 
C1-C9 Segment of Epothilons, Tetrahedron Lett., 
38:1359-1362 (1997)) to give the known secondary alcohol 
10 in 65% yield. This alcohol is then oxidized to the C1-C6 
segment C using TPAP and NMO. 

In summary, although segment C is a key synthon in 
previously reported total syntheses (Nicolaou, et al.. Total 
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Syntheses of Epothilones Aand B via a Macrolactonization- 
Based Strategy, J. Am. Chem. Soc., 119:7974-7991 (1997)) 
of the epothilones, the synthetic route utilizing the asym- 
^ metric Noyori hydrogenation is unique. 

The alternate route toward segment C allows for the 
introduction of affinity labels and modifications at the C4 
position as shown in Scheme 3. Applying the Noyori reduc- 
tion to the known unsubstituted p-keto ester 11 provides a 
45 building block that can be used for the modifications at C4 
of the epothilones. This Scheme accordingly allows for 
modification of the epothilones and gives a more general 
route to introduce a variety of substituents at this position. 

Thus, the Noyori hydrogenation of p-keto ester 11 yields 
the known p-hydroxy ester 12 (Ali, et al., Formal Syntheses 
of Cryptophycin 1 and Arenastatin A, Tetrahedron Lett., 
38:1703-1706 (1997)) in 97% yield (in 97% enantiomeric 
excess). The Frater alkylation of p-hydroxy ester 12 yields 
the previously reported a-melhyl analogue 13 (Ali, el al.. 
Formal Syntheses of Cryptophycin 1 and Arenastatin A, 
Tetrahedron Utt., 38:1703-1706 (1997)) in 71% yield (98% 
diastereomeric excess). A second Frater alkylation of 
hydroxy ester 13 gave bis-dimethyl derivative 5 in 59% 
60 yield which was then converted to epothilone segment C by 
the chemistry shown in Scheme 2. At this stage, other 
substituents such as benzyl, allyl and other C1-C6 alkyl 
groups can be introduced by using other electrophiles in the 
second Frater alkylation in place of iodomethane. The novel 
65 aspect about this alternate route to segment C is the ability 
to alter the substituents at the C4 position of the epothilones 
using the aforementioned Frater alkylation strategy. 
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Scheme 2 



Scheme 3 
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The invention makes it possible to synthesize several 
35 analogs of segment C with varioxis chain elongations and/or 
substitutions at C2 and substitutions at the a-carbon relative 
to the keto group. It also allows for, as mentioned before, 
modifications at the carbon atom between the keto and the 
protected secondary hydroxy group with other groups. 
40 These chain extensions and substitutions are illustrated by a 
general Formula C, wherein n^ is as defined above, Rj, Rg 
and R7 are as defined previously, and P' is a protecting 
group, especially TBS or p-methoxybenzylidene acetal. The 
synthesis of these modified derivatives can be achieved 
utilizing chemistry exemplified in the synthesis of segment 
C in Schemes 2 and 3 respectively. These modified segments 
can then be utilized in the total synthesis of various analogs 
of epothilones. 
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FORMULA C 





1) (C0O)t CHiQj, 99*; b) methyl bobutyate, UCA. THF, -78' C, 65*; c) 
Rn&i, (S)-bm»p, Hj, MeOH, 65 pii, 70* C, 71*. (92* ee); d) Hj. Pd(OFt)2, 
THF. 90%: e) TBSa Imidazole. DMP, 60* C, 78»; f) DIBAL-H, CHiQi, .78* 
C, 95*; g) TPAP, I^TMO, * A MS, CHiOi, 85*; b) EtMgBr. BjO. .78' C, 65*; 
i) ume u g, 92*. 
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Synthesis of Segment B (C7-C11 of Formula A) 

The synthesis of the C7-C11 segment B is preferably 
achieved using previously reported chemistry (Lin, Efficient 
Total Syntheses of Pumilioloxins A and B, Applications of 
Iodide-Promoted Iminium lon-Alkyne Cyclization in Alka- 
loid Construction, J. Am. Chem. Soc, 118:9062-9072 
(1996)) and is outlined in exemplary Scheme 4, which is 
precursor of a naturally occurring epothilone. 



11 
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Scheme 4 



Scheme 5 
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Qxidatioa 
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25 



This synthesis can also be used to introduce various 
chain-eloDgations on this segment and to introduce various 
other substituents at C-8. These modifications can be illus- 
trated by Formula D, wherein and R3 are as defined 
previously. Their synthesis can be achieved using chemistry 
exemplified in the synthesis of segment B in Scheme 4. 
Again, these modified segments can then be utilized in the 
total synthesis of various analogs of epotbilones. 



R3 
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FORMULA D 
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Synthesis of Segment D (Cl-Cll of- Formula A) via Aldol 
Reaction 

The connection of the two segments C and B utilizes a 
highly diastereoselective aldol reaction, exemplified in 
Scheme 5 showing the connection of the two precursors B 
and C of a naturally occurring cpothilone. When the C1-C6 
ketone segment C is treated with a base, for example lithium 55 
diisopFopyl amide and the resultant enolate reacted with 
C7-C11 aldehyde segment B, a single desired diastereomer 
14 was observed in 21% yield (unoptimized). This diaster- 
eselectivity is believed to arise from a favorable nonbonding 
interaction between the ClO-Cll double bond and the 
carbonyl group of the aldehyde that gives rise to the desired 
diastereomer. After the connection is made, the resultant 
secondary alcohol is protected as the corresponding tert- 
butyldimethylsilyl ether. 

Similar chemistries would apply for the connection of 65 
modified segments C and B of the type discussed previously 
and emplified by Formulae C and D. 
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Proposed Synthesis of Segment A (C12-C20 of Formula A) 
The invention also provides a new route to the C12-C20 
segment (segment A of the naturally occurring epothilone), 
and corresponding analogs thereof. This involves new ways 
to set the C16-C17 trisubstituted double bond and the 
C12-C13 cis-double bond, which serves as precursor to the 
cis-epoxide at C12-C13 in the epothilones. 
Stereoselective Construction of C16-C17 of Trisubstituted 
Olefin and Introduction of Thiazole in Formula A 

The introduction of the thiazole moiety draws upon 
zirconium -catalyzed carboalumination chemistry (Wipf, 
Rapid Carboalumination of Alkynes in the Presence of 
Water, Agnew. Chem., Int. Ed. Engl., 32:1068-1071 (1993)) 
wherein a C16-C17 alkyne bond in an appropriately func- 
tiooalized C13-C17 propargylic alcohol 16 (Scheme 6) is 
subjected to methylalumination in the presence of zir- 
conocene dichloride (C^ZiCy. The resultant alkcaylalane 
is coupled with 2-methyl-4-bromothiazolc 17 in the pres- 
ence of zinc chloride under Pd(0) catalysis to access the 
trisubstituted E-olefin 19 stereoselectively following the 
protection of the alcohol 18 as the OTBS-cthcr. 

The chiral propargylic alcohol 16 is obtained via the 
asymmetric reduction of the readily available aUcynyl ketone 
15. This is exemplified in Scheme 6, which illustrates the 
synthesis of the precursor for the naturally occurring 
epothilone. After the introduction of the thiazole moiety, the 
known primary alcohol 21 is revealed by deprotection of the 
PMB ether 19 and then oxidized to the previously reported 
(Mulzer, J., et al. Easy Access to the Epothilone Family — 
Synthesis of EpothUone B, Tetrahedron Lett., 39:8633-^636 
(1998)), C13-C20 aldehyde 22. 
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TBSCl, Imidazole 



OPMB DDQ 



19 



OTBS 




TPAP, NMO 
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Alternately, a stannylcupration-methylation methodology 
(Harris, et al., Synthetic Approaches to Rapamycio. 3. 
Synthesis of a C1-C21 Fragment, Synlett, pp. 903-905 
(1996)) can be used in order to introduce the trisubstituted 
olefin. Thus the 0-TBS ether 16a (Scheme 7) of propargylic 
alcohol 16 on treatment with the stannylcuprate reagent 20 
followed by methylation with iodomethane provides the 
corresponding stannane which is then coupled under Stille 
conditions with the bromothiazole 17 to yield the olefin 19. 



Scheme 7 



16 



TBSa, Imidazole 




1. Bu(SnBu3)CuCNU;. 20, PMPU, Mel 

2. 17,Pd(0) ' 



19 



OTBS 
16a 



The synthesis of Z-methyM-bromothiazole 17 from the 
known 2,4-dibromothiazole (Reynaud, et al., Sur une Nou- 
velle Synthese du Cycle Thiazolique, Bull, Soc. Chim. Fr., 
295:1735-1738(1962)) is omUned in Scheme 8. 



The zirconium -catalyzed methylalumination strategy 
constitutes a novel route to construct the C16-C17 double 
bond and to introduce the thiazolc ring. The novelty lies in 
the use of a cbirat propargylic alcohol like 16 in the 
carbometalation reaction followed by the direct introduction 
15 of the thiazole unit. 

This methodology also allows for the introduction of 
various substituents and chain elongations on the C12-C20 
segment A. Thus starting with analogs of the ketone 15 in 
Scheme 6, a variety of chain-elongated derivatives of seg- 
20 ment A can be produced. Also carrying out an ethylalumi- 
nation (EtgAl) in place of methylalumination (AlMe,) 
(Scheme 6) allows the introduction of an ethyl group (Et) at 
CI 6. In the same context, other groups can also be intro- 
duced using the alternate stannylcupration-alkylation 
method by replacing iodomethane with other electrophiles in 
this reaction shown in Scheme 7. In addition, the thiazole 
ring can be replaced by other cyclic, aromatic and heteroaro- 
matic rings by using other vinyl or aromatic/heteroaromatic 
halides in place of 2-methyl-4-bromothiazole 17 in the 
coupling reaction following either the carboalumination or 
stannylcup ration strategy exemplified in Schemes 6 and 7 
respectively. 

Stereoselective Construction of the C12-C13 cis-Olefinic 
Bond of Formula A 

The goals in the construction of the C12-C13 Z-olefinic, 
were to design a method providing maximum control over 
the olefin geometry and to furnish common intermediates in 
the synthesis of both epothiloncs A and B. The introduction 
of affinity labels at C-12 was also a consideration. 

The C12-C13 olefin can be constructed in the form of 
Z-vinyl iodides I that can be obtained from vinylstannanes 
with defined configurations. 'ITie vinyl stannanes will be 
45 accessed by using known chemistry reported by Lipshutz et 
al., Preparation of Z- Vinylstannanes via Hydrozirconation 
of Stannylacetylenes, Tetrahedron Lett., 33:5861-5864 
(1992); Lipshutz, et al., Hydrozirconation/Transmetalation 
of Acetylenic Stannanes. New 1,1 -Dime tallo Reagents, Inor- 
50 ganica Chimica Acta, 220:41-44 (1994), which utilizes a 
1,1-dimetallo species as a stereodefined 1,1-vinyl dianion 
synthon. An exemplary synthesis is given in Scheme 9, for 
the precursor to a naturally occurring epothilone, and starts 
with a Corey-Fuchs reaction (PPhg, CBrJ of the known 
55 aldehyde 22, followed by base-induced elimination and 
quenching of the lithium acetylide with tributyltin chloride 
(BugSnCl) to yield alkynylstannanc 23. The 1,1-dimetallo 
species 24 is generated by hydrozirconation of the alkynyl 
stannane 23 using chlorohydridozirconocene (Schwartz 
reagent). An aqueous quench would provide 
Z-vinylstannane 25a or alternatively, selective transmetala- 
tion with a higher order cuprate, followed by addition of an 
electrophile (MeOTf in case of epothilone B) to the resultant 
species provides the a-substituted vinylstannane 25b with 
65 high stereoselectivity. The Z-vinylstannanes 25a and 25b 
can then be transformed to the corresponding vinyl iodides 
I utilizing iodine with retention of configuration. 



25 



30 



35 



40 



60 



us 6,211,412 Bl 



15 



16 



Scheme 9 
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An alternative route to the synthesis of alkynylstannane 
23 (Scheme 9a) which would allow for incorporation of 
different substituents at the CI 6 carbon involves the asym- 
melric epoxidation of secondary alcohol 18a under the 
Sharpless conditions using (-)-diisopropyl tartrate, tert- 
butyl hydroperoxide and titanium isopropoxide to give 45 
epoxide 19a. The alcohol function on the epoxide can be 
oxidized with TPAP, NMO to give ketone 20a which can be 
reacted with Wittig reagents containing thiazole or other 
aromatic/he teroaromatic rings to give the corresponding 
trans-olefins. The terminal epoxide in this olefin can then be 
opened with trimethylsilyl acetylide to give secondary alco- 
hol 22a. The trimethylsilyl group can then be substituted for 
a trialkyi slannyl group on treatment of 22a with TBAF and 
bis-tributyltin oxide and the obtained product treated with 55 
TBSCl to give compound 23. 



Scheme 9a 



OH 



(+)DIPT,TBHF 
riCO-iPr)4 
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-continued 

(R'CH2PBu3)'a^ 
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1. (BuaSnJaO 
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The foregoing chemistries can be used for the synthesis of 
analog precursors as well. Such analogs are best illustrated 
by Formula E, wherein n3, R, Rj and are as defined 
previously. Again all of these modified segments can then be 
utilized in the total synthesis of various analogs of 
epothilones. 
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Id summary, allhough Ihe vinyl iodides E are previously 
reported (20,21) compounds, the method to synthesize it 
from the known aldehyde 22 is diflferent from conditions 
reported in other total syntheses of epothilones. In addition, 
the above mentioned hydrozirconation reactions provide 
precise control over the geometry of the C12-C13 olefin 
bond. Also the use of other electrophiles in the transmeta- 
lalion reaction with the intermediate species 24 allows for 
the synthesis of various analogs. 

FORMULAE 



allyl esters (PdCPPhaX, base) followed by macrolactamiza- 
tion (HBTU) will provide the lactams 33. Again, deprotec- 
tion of both the TBS groups from the macrolides (TFA, 
CH2CI2) and the diastereoselective epoxidation of the 
C12-C13 double bond with epoxidizing agents such as 
dimethyldioxirane would give the lactam derivatives 34 and 
35. 



Scheme 10 



15 



Two other epothilone derivatives of special interest may 
be synthesized in accordance with the invention. In one such 
derivative the lactone fiinctional group is replaced with an 
ether functionality and in the other a lactam functionality is 
used in lieu of the lactone functional group, llius in the first 
derivative, and referring to Formula A, X is 0,Y is H2, n^, 
n2, and are 1, R is 2-methyl-thiazol-4-yl, is methyl, R2 
is H or methyl, and R3, R4, R5 and Rg are methyl. In the 
second derivative, the only change is that X is NH and Y is 
0. These could be synthesized by the reaction sequences 
shown in Schemes 10 and 11. Thus selective deprotection at 
CI by camphorsulfonic acid (CSA) (Scheme 10), formation 
of the mesylate derivative of the corresponding primary 
alcohol, selective deprotection of the C15 TBS ether and 
base-induced cyclic ether formation should provide com- 
pounds 26'. Again, the final stages in the synthesis would 
involve the deprotection of both the TBS groups from the 
macrolides (TFA, CHjClj) and the diastereoselective epoxi- 
dation of the C12-C13 double bond with epoxidizing agents 
such as dimethyldioxirane to give the ether derivatives 29 
and 30. 

For the lactam fonmation (Scheme 11) again compound 26 
could be selectively deprotected at C-1 followed by sequen- 
tial oxidation of the primary alcohol first under Swern 
conditions followed by NaC102 — ^NaH2P04 would furnish 
the known acids. These known acids can be converted to 
their aliyl esters and then the TBS ether at C15 can be 
deprotected selectively. Mitsunobu inversion of these alco- 
hols and azide formation via the corresponding mesylates 
will provide the azides with the correct stereochemistry at 
CIS. Reduction of the azides (PFhj, HjO) followed by salt 
formation of the amine will provide 32. Deprotection of the 
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Representative C4-C8 cycloalkyl, substituted and unsub- 
stituted aromatic and heteroaromatic groups, Cl-ClO 
straight and branched chain alky I groups, substituted and 
unsubstituted benzyl groups, Cl-ClO alkoxy groups, and 
heterocyclic groups useful in the formation of epotbilone 
analogs are set forth below. 

C4-C8 cycloalkyl groups: cyclobutyl, cyclopentyl, 
cyclohexyl, cyclohepiyl, cyclooctyl. 



Substituted and unsubstituted aromatic groups: phenyl, 
^ phenyl groups substituted at any position with C1-C4 

straight or branched chain alkyls, C1-C4 alkoxy groups, 

halogens, amines, amides, azides, sulfides, carboxylic acids 

and their derivatives, and hydroxides. 
65 Substituted and unsubstituted heteroaromatic groups: 

thiazoles, pyrroles, furans, thiophenes, oxazoles and 

pyrridines, and imidazoles. 
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Cl-ClO straight and branched chain alkyt groups: 
methyl, ethyl, propyl, butyl, isopropyl, isobutyl, isopentyl, 
octyl, nonyl, and t-butyl. 

Substituted and unsubstituted benzyl groups: benzyl, ben- 
zyl groups substituted at any position with Ci-C4 straight or 5 
branched chain alkyls, C1-C4 alkoxy groups, halogens, 
amines, amides, azides, sulfides, carboxylic acids and their 
derivatives, and hydroxides. 

Cl-ClO alkoxy groups: methoxy, ethoxy, propoxy, 
butoxy, isopropoxy, t-butoxy, and nonoxy. lo 

Heterocyclic groups: piperidines, furans, pyrroles, 
oxazolines, and tbiopbenes. 

The following examples set forth various syntheses of the 
type described previously. It is to be understood, however, 
that these examples are provided by way of illustration and 15 
nothing therein should be taken as a limitation upon the 
overall scope of the invention. 

EXAMPLE 1 

The synthesis of segment C was accomplished via two 20 
unique and complementary routes which are detailed in 
Schemes 2 and 3. One novel step in the synthesis of the 
C1-C6 segment utilizes Noyorl hydrogenation as detailed in 
Noyori, R. et al.. Asymmetric Hydrogenation of p-Keto 
Carboxylic Esters. A Practical, Purely Chemical Access to 25 
p-Hydroxy Esters in High Enantiomeric Excess, 109 J. Am. 
Chem. Soc, pp. 5856-5858 (1987). The Noyori hydroge- 
nation of p-keto ester 4 in Scheme 2 generates the requisite 
stereochemistry at C3. This Noyori hydrogenation provides 
the required enantiomer with high selectivities (92% enan- 30 
tiomeric excess). It is a versatile reaction and has found 
numerous applications in the synthesis of biologically active 
natural products and is also amenable to large scale synthe- 
sis. 

The foUowing is a detail of the procedures that are 35 
outlined in Scheme 2. The required p-keto ester 4 is obtained 
in two steps from the readily available starting material 

3- ben2yloxypropionic acid (2) as described by Davis et al., 
Nonracemic a-fluoro aldehydes: Asymmetric synthesis of 

4- deoxy-4-fluoro-d-arabinopyranose, J. Org. Chem., 40 
62:7546-7547 (1997), the teachings of which are hereby 
incorporated by reference. Isopropylcyclohexylamine (7.3 
mL, 44.6 mmol, 1.5 eq.) was dissolved in 40 mLTHF. The 
temperature was then lowered to -30* C. and n-butyllithium 
(16.1 mL, 38.6 mmol, 1.3 eq.) was added dropwise and 45 
stirred for 30 minutes. Next, the temperature was raised to 

0° C. for 15 minutes and then cooled to -78*' C. for 15 
minutes. Methyl isobutyrate (3.75 mL 32.7 mmol, 1.1 eq.) 
was dissolved in 5 mL THF and added dropwise. The 
resulting mixture was stirred 30 minutes. 50 
3-Benzyloxypropionyl chloride (5.0 g, 29.7 mmol, 1 eq) io 
5 mLTHF was then added dropwise. This reaction mixture 
was stirred for one hour until the starting material com- 
pletely disappears by thin layer chromatography (TLC) 
(80:20 hexanes/EtOAc). The reaction mixture was then 55 
quenched with 20 mL 20% HQ and raised to room tem- 
perature. Next, the reaction mixture was extracted 3 times 
with ether and the combined organic phases were washed 
twice with sodium bicarbonate and once with brine. The 
combined aqueous layers were cross-extracted twice with eo 
ether. The organics were combined, dried with Na2S04, and 
concentrated under reduced pressure. Purification was 
achieved via column chromatography utilizing a silica gel, 
hexane/EtOAc gradient which resulted in 5.1 g (65% yield) 
of p-keto ester 4. 65 

Asymmetric hydrogenation of p-kcto ester 4 in methanol 
using RuBr2(S)-binap as catalyst at 65 psi gave the 
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p-hydroxyester 5 in 85% yield. This was done by the 
following process. Acetone and MeOH were distilled and 
stored over molecular sieves. Each was degassed five times 
using the freeze-lhaw method and placed under argon. 
Noyori's Ruthenium catalyst (91 mg, 0.284 mmol, 1 eq.), 
preferably bis-(2-methylallyI)cycloocta-1.5-diene ruthe- 
nium (II) and (S)-BINAP ((s)-(-)-l,r-bi-2naphthol) (177 
mg, 0.284 mmol, 1 eq.) were combined in a Schlenk flask 
with 24 mL acetone and 2.0 mL HBr solution (0.25 mL 48% 
HBr, 5.1 mL acetone). The resulting mixmre was stirred for 
4 hours to allow the catalyst to form. The acetone was then 
removed under reduced pressure. Next, beta ketoester 4 
(5.36 g, 20.3 mmol, 71.5 eq.) in 23 mL MeOH was degassed 
four times and then transferred to a Parr hydrogenation flask 
using MeOH. The catalyst was then rinsed into the Parr flask 
using MeOH. The hydrogenation reaction was conducted 
over 110 hours at 65 psi and 60* C. The contents were 
concentrated under reduced pressure and then taken up in 
ether. The reaction mixture was filtered twice to remove the 
catalyst and then concentrated. Final purification was 
obtained through column chromatography wherein the col- 
umn contained silica gel and utilized a hexane/EtOAc gra- 
dient and yielded 4.57 g (85% yield). 

Deprotection of the benzyl ether and bis-silylation of diol 
6 provided ester 7. To produce diol 6, p-hydroxyester 5 
(1.824 g, 6.86 mmol, 1 eq.) was dissolved in 20 mLTHF and 
transferred to a Parr hydrogenation vessel under argon. 
Pd(0H)2 (450 mg, 0.25 eq.) was added and the flask purged 
for an additional 10 minutes with argon. The hydrogenation 
reaction was conducted at 50 psi for 24 hours. Finally, the 
reaction mixture was washed through a frit, an ultrafine 
strainer in a filtration technique preferably frit with 300 mL 
EtOAc and concentrated under reduced pressure to give 1.18 
g (90% yield) of diol 6. 

In detail, ester 7 was made by taking diol 6 (450 mg, 2.84 
mmol, 1 eq) dissolved in 3.15 mL DMF and adding imida- 
zole (1.16 g, 17.04 mmol, 6 eq) which was stirred until 
dissolved. TBSG (tert-Butyldimethylsilyl chloride) (1.28 g, 
8.52 mmol, 3 eq) was added and the temperature was raised 
to 60° C. This reaction mixture was then stirred for 44 hours. 
Disappearance of the starting material was monitored by 
thin layer chromatography. The reaction was then quenched 
with H2O and NH4CI. After quenching, the reaction mixture 
was extracted twice with ether. The ether layer was washed 
with NaHCOa and brine, dried with NajS04, and concen- 
trated. Purification via column chromatography (SiO^, 95:5 
hexane/EtOAC) gave 0.89 g or a 78% yield. 

Primary alcohol 8 is the result of reducing ester 7 (1.89 g, 
4.68 mmol, 1 eq) by dissolving it in 26 mL of CHjClj, 
coohng it to -78* C. and adding DIBAL-H (9.4 mL, 14 
mmol, 1.5M in hexanes) dropwise. After stirring at this 
temperature (-78* C.) for one hour, the reaction was 
quenched with 10 mLof MeOH. Next, the reaction mixture 
was warmed to 0" C. and 10 mL of a saturated aqueous 
solution of potassium sodium tartarate was added. After 
stirring this mixture for 16 hours, the aqueous layer was 
extracted four times with CH2CI2. The combined organics 
were dried over anhydrous sodium sulfate and concentrated 
to yield 1.59 g (92% yield) of the primary alcohol. Although 
this is a known alcohol, the synthetic route from this ester is 
novel. 

Primary alcohol 8 was oxidized to aldehyde 9 by taking 
primary alcohol 8 (1.45 g, 3.86 mmol, 1 cq) and dissolving 
it in 25 mL CHjClj. Molecular sieves (4 A, powdered) were 
added to aid in the removal of water and this mixture was 
stirred for 15 minutes. 4-mcthylmorpholinc N-oxide (NMO) 
(0.77 g, 6.56 mmol, 1.7 eq) was then added and after stirring 
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for 30 minutes, tctrapropylammonium pemilhenate (TRAP) 
(0.081 g, 0.23 mmol, 0.06 eq) was added. The reaction 
mixture was stirred for 16 hours at room temperature and 
then concentrated. It was then passed through a pad of 4:1 
silica geI:Celite mijcture (35 g) to yield 1.2 g (83% yield) of 5 
the aldehyde. 

TTie aldehyde 9 is then reacted with EtMgBr using the 
procedure of Claus, E. ct al., Synthesis of the C1-C9 
Segment of Epothilons, 38 Tetrahedron Lett., 1359-1362 
(1997), the procedure of which is hereby incorporated by 1° 
reference, to give the known secondary alcohol 10 in 65% 
yield. 

This secondary alcohol 10 is then oxidized to the C1-C6 
segment C using the same procedure that was used to 
oxidize primary alcohol 8 to aldehyde 9. The alcohol 10 (50 
mg, 0.124 mmol, 1 eq) was dissolved in 1 mL CH2CI2 
Molecular sieves (4 A, powdered) were added and this 
mixture was stirred for 15 minutes. N-oxide NMO (25 g, 
0.211 mmol, 1.7 eq) was then added and after stirring for 30 
minutes, TPAP (3 mg, 0.0074 mmol, 0.06 eq) was added. 
The reaction mixture was stirred for 15 hours at room 
temperature and then concentrated. It was then purified by 
passing it through a column (20 g) of 5:1 silica geliCelite 
mixture (5% EtOAC in hexane) to yield 46 mg (92%) of the 
ketone (segment C). Again although segment C is known the 
oxidation process used is different from conditions reported. 

In summary, aUhough segment C is a key synthon in 
previously reported total syntheses of the epothilones, the 
synthetic route utilizing the asymmetric Noyori hydrogena- 
tion is unique. 

EXAMPLE 2 

Scheme 3 outlines an alternate synthesis of 
P -hydroxy ester 5 using known compound 13. This alternate 35 
route toward segment C allows for the introduction of 
affinity labels and modifications at the C4 position as shown 
in Scheme 3. Applying the Noyori reduction to the known 
unsubstituted P-keto ester 11 provides a building block that 
can be used for the modifications at C4 of the epothilones. 40 
There has only been one report so far of C4 modification on 
the epothilones and this method provides a more general 
route of introducing a variety of substituents at this position. 
This will also enable a more thorough study of the structure 
activity relationships of numerous C4 substituted analogues. 45 

'Ilius, the Noyori hydrogenation of p-keto ester 11 yields 
the known p-hydroxyester 12, which was reported by Ali, ct. 
al, Formal Syntheses of Cryptophycin 1 and Arenastatin A, 
38 Tetrahedron Lett., 1703-1706 (1997), hereby incorpo- 
rated by reference, in 97% yield (in 97% enantiomeric 50 
excess). The Prater alkylation of p-hydroxy ester 12 yields 
the previously reported a-methyl analogue 13 also previ- 
ously reported by Ali et al. Formal Syntheses of Crypto- 
phycin 1 and Arenastatin A., 38 Tetrahedron Lett., 
1703-1706 (1997), hereby incorporated by reference, in 55 
71% yield (98% diastereomeric excess). A second Frater 
alkylation of hydroxy ester 13 gave bis-dimethyl derivative 
5 in 59% yield which was then converted to epothilone 
segment C by the chemistry shown in Scheme 2. 

In detail, isopropylcyclohexylamine (0.71 mL, 4.32 60 
mmol, 2.16 eq.) and 3.75 mLTHF were stirred together at 
-25* C n-BuLi (1.64 mL, 3.6 mmol, 1.8 eq.) was added 
dropwise over 15 minutes. The reaction mixture was stirred 
at room temperature for 15 minutes and then lowered to 
-78° C. Compound 13 (504 mg, 2 mmol, 1 eq.) in 2.5 mL 65 
THF was added to the reaction mixture. The temperature 
was gradually raised to -10° C. over 4 hours and then 
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returned to -78° C. Mel (0.17 mL, 2.66 mmol, 1.33 eq.) in 
HMPA (0.26 mL) was added dropwise. The reaction was 
stirred at -78 " C. for one hour and then stirred at room 
temperature for 16 hours. Hie reaction was quenched with 4 
mL 10% HCl . The mixture was then extracted four times 
with CH2CI2, dried over Na2S04, and concentrated. Purifi- 
cation by column chromatography 160 g SiOj (hexane/ 
EtOAc gradient) gave 312 mg (a 59% yield) of 
p-hydroxyester 5. 

At this stage, other substituents such as benzyl, allyl and 
other alkyi groups can be introduced by using other elec- 
trophiles in the second Frater alkylation in place of 
iodom ethane. The novel aspect about this alternate route to 
segment C is the ability to alter the substituents at the C4 
position of the epothilones using the aforementioned Frater 
alkylation strategy. After synthesis of p-hydroxyester 5, 
segment C can be produced following the procedure out- 
hned above in Scheme 2. 

It should be noted that this invention makes it possible to 
synthesize several analogs of this C1-C6 segment with 
various chain elongations at C2 and substitution at C6 
positions on the epothilones. It also allows for, as mentioned 
before, modifications at the C4 position with other groups 
such as aryl, heterocyclic, alkyl and branched alkyl. These 
chain extensions and substitutions are illustrated by Formula 
C. The synthesis of these modified derivatives can be 
achieved utilizing chemistry exemplified in the synthesis of 
segment C in Schemes 2 and 3 respectively. These modified 
segments can then be utilized in the total synthesis of various 
analogs of epothilones. 

EXAMPLE 3 

This example illustrates the synthesis of segment B. The 
synthesis of the C7-C11 segment B has been achieved using 
previously reported chemistry of Lin, et al., Efficient Total 
Syntheses of Pumiliotoxins A and B. Applications of Iodide- 
Promoted Iminium lon-Alkyne Cyclization in Alkaloid Con- 
struction 118 J. Am. Chem. Soc., 9062-9072 (1996), the 
teachings of which are hereby incorporated by reference, 
and is outlined in Scheme 4. This synthesis can also be used 
to introduce various chain-elongations on this segment and 
to introduce various other substituents at C-8. These modi- 
fications can be illustrated by Formula D and their synthesis 
can be achieved using chemistry exemplified in the synthesis 
of segment B in Scheme 4. Again, these modified segments 
can then be utilized in the total synthesis of various analogs 
of epothilones. 

EXAMPLE 4 

This example, illustrated in Scheme 5, describes the 
synthesis of aldol adduct 14 followed by the aldol reaction 
of segment C, from examples 1 or 2, with segment B, from 
example 3. Aldol adduct 14 was then used to synthesize 
segment D. 

The connection of the two segments C and B utilizes a 
highly diastereoselective aldol reaction (Scheme 5). When 
the C1-C6 ketone segment C was treated with a base, 
namely lithium diisopropylamide and the resultant enolate 
reacted with C7-C11 aldehyde segment B a single diaste- 
reomer 14 was observed in 21% yield (unoptimized). The 
remarkable diastereselectivity is speculated to arise from a 
favorable nonbonding interaction between the ClO-Cll 
double bond and the carbonyl group of the aldehyde that 
gives rise to the desired diastereomer. This connection 
between these two particular segments using an aldol reac- 
tion is unprecedented. After the connection has been made. 
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the resultant secondary alcohol will be protected as the 
corresponding tert-butyldimethylsilyl ether D. 

In detail, diisopropylamine (60 fiL, 0.45 mmol, 1 eq) 
dissolved in 1 mL THF was cooled to -78 * C. and n-BuLi 
(0.33 mL, 0.43 mmol, 0.95 eq) was added dropwise. After 5 
stirring at -18" C. for 15 minutes and at 0" C. for 30 minutes 
the reaction mixture was recooled to -78* C. The ketone 
(segment C) (0.1 84 g, 0.45 mmol, 1 eq) dissolved in 1 mL 
of THF was then added dropwise. This mixture was stirred 
at -78 ** C. for 15 minutes and then warmed to -40* C. over 
one hour. After recooling to -78' C, the aldehyde segment 
B (0.022 g, 0.23 mmol, 0.5 eq) dissolved in 0.5 mL EtjO was 
added dropwise over 15 minutes. After 35 minutes at -78 " 
C, the reaction was quenched with 2 mL saturated aqueous 
ammonium chloride and warmed to room temperature. The 
aqueous layer was extracted five times with Et^O and the 
combined oiganics were dried over anhydrous magnesium 
sulfate. After concentration, preparative thin layer chroma- 
tography of the residue yielded 0.047 g (21% yield) of the 
desired diastereomer. 

Forming segment D utilizes TBS protection of adduct 14. 
Aldol adduct 14 (30 mg, 0.06 mmol, 1 eq.) was diluted with 
1.5 mL CH2CI2 and the temperature was lowered to -78* C. 
2,6-lutidine (50 /iL, 0.42 mmol, 7 eq.) was added dropwise 
followed by tert-butyldimethylsilyl trifluoromethane- 
sulfonate (TBSOTf) (70 //L. 0.30 mmol, 5 eq.). The reaction 25 
was stirred for 15 minutes and then raised to 0* C. The 
reaction was complete after 3 hours and was quenched with 
5 mL NH^a. The mixture was extracted three times with 
CH2CI2 and the combined organic layers were washed with 
brine, dried over MgS04 and then concentrated. Column 30 
chromatography (5% EtOAc in hexane) gave 34 mg (96% 
yield) of compound D. 

EXAMPLE 5 

This example illustrates the synthesis of segment A (the 35 
C-12-C-20 segment) and is outlined in Scheme 6. This 
involves new ways to set the C16-C17 trisubstituted double 
bond and the C12-C13 cis-double bond which serves as 
precursor to the cis-epoxide at C12-C13 in the cpothilones. 
The methodology used to introduce the tbiazole moiety 
draws upon zirconium-catalyzed carboalumination chemis- 
try as described by Wipf, P. and Lim, S., Rapid Carboalu- 
mination of Alkynes in the Presence of Water, 32 Agnew. 
Chem., Int. Ed. Engl., 1068-1071 (1993), the teachings of 
which are hereby incorporated by reference. Using this 
chemistry, a C16-C17 alkyne bond in an appropriately ^5 
functionalized C13-C17 propargylic alcohol 16 is subjected 
to methylalumination in the presence of zirconocene dichlo- 
ride (CpzZrClj). The chiral propargylic alcohol 16 is 
obtained via the asymmetric reduction of the readily avail- 
able alkynyl ketone 15. A number of methods have been 50 
developed during the past years for the enantioselective 
reduction of a,P-alkynyl ketones. The resultant alkenylalane 
is coupled with 2-methyl-4-bromothiazole 17 in the pres- 
ence of zinc chloride under Pd(0) catalysis as described by 
Negishi, E.-L, ct al., in Double Metal Catalysis in the 
Cross-Coupling Reaction and Its Application to Stereo- and 
Regioselective Synthesis of Trisubstituted Olefins, 100 J. 
Am. Chem. Soc., 2254-2256 (1978) and Negishi, E.-I.. in 
Palladium- or Nickel- Catalyzed Cross Couphng. A New 
Selective Method for Carbon-Carbon Bond Formation, 15 
Acc. Chem. Res., 340-348 (1982), the teachings of which ^° 
are hereby incorporated by reference. Scheme 8 illustrates 
the synthesis of 2-methyl-4-bromothiazole 17 which was 
synthesized by adding 9.0 mL ether and n-BuLi (1.8 mL, 
2.96 mmol, 1.2 eq) and stirring at -78° C. for 30 minutes. 
The bromothiazole (0.60 g, 2,47 mmol, 1 eq.) in 3.5 mL of 65 
ether was added dropwise to the n-BuLi. After stirring for 
one hour, MeOTf (0.56 mL, 4.94 mmol, 2 eq.) was added 



dropwise and the reaction mixture was stirred for an addi- 
tional 1.5 hours. The reaction was then quenched with 
NaHCOg and extracted 5 times with ether. The combined 
organic layers were washed with brine, dried over Na2S04, 
and concentrated. 262 mg (60% yield) of the 2-methyl-4- 
bromothiazole 17 was obtained and carried on without 
further purification. 

This coupling of the alkenylalane to 2-methyl-4- 
bromothiazole 17 permits access to the trisubstituted 
E-olefin 19 stereoselectively following the protection of the 
alcohol 18 as the OTBS-ether. 

After the introduction of the thiazole moiety, the known 
primary alcohol 21(MuIzer et al.. Easy Access to the 
Epothilone Family^ynthesis of Epcthilone B, Tetrahedron 
Utt., 39:8633-8636 (1998) is revealed by deprotection of 
the PMB ether 19 and then oxidized to C13-C20 aldehyde 
22, also previously reported by Mulzer, et al., Easy Access 
to the Epothilone Family — Synthesis of Epothilone B, 39 
Tetrahedron Lett, 8633-8636 (1998), the teachings of which 
are hereby incorporated by reference. 

The zirconium-catalyzed methylalumination strategy 
constitutes a novel route of constructing the C16-C17 
double bond and introduction of the thiazole ring. The 
novelty lies in the unprecedented use of a chiral propargylic 
alcohol like 16 in the carbometalation reaction followed by 
the direct introduction of the thiazole unit. 

This methodology also allows for the introduction of 
various substiluents and chain elongations on the C12-C20 
segment A. Thus starting with analogs of the ketone 15 in 
Scheme 6, a variety of chain-elongated derivatives of seg- 
ment A can be accessed. Also carrying out an ethylalumi- 
nation (EtgAl) in place of methylalumination (AlMcj) will 
allow the introduction of an ethyl group (Et) at C16. In the 
same context, other groups such as alkyl and benzyl groups 
can also be introduced using the alternate stannylcupration- 
alkylation method by replacing iodomethane with other 
electrophiles in this reaction shown below in Example 6 and 
illustrated in Scheme 7. In addition the thiazole ring can be 
replaced by other cyclic, aromatic and heteroaromatic rings 
by using other vinyl or aromatic/heteroaromatic haUdes in 
place of 2-methyl-4-bromothiazole 17 in the coupling reac- 
tion following either the carboalumination or slannylcupra- 
tion strategy exemplified in Schemes 6 and 7 respectively. 

These aforementioned modifications are best illustrated 
by Formula E. Again all of these modified segments can then 
be utilized in the total synthesis of various analogs of 
cpothilones. 

EXAMPLE 6 

Scheme 7 illustrates an alternative way to introduce the 
trisubstituted olefin. This method utilizes the 
stannylcupration-methylation methodology described by 
Harris, L., el al., in Synthetic Approaches to Rapamycin 3. 
Synthesis of a C1-C21 Fragment, Synlett, 903-905 (1996), 
the methodology of which is hereby incorporated by refer- 
ence. Thus the 0-TBS ether 16a from Scheme 7 of propar- 
gylic alcohol 16 on treatment with the stannylcuprate 
reagent 20 followed by methylation with iodomethane 
would provide the corresponding siannane which would 
then be coupled under Stille conditions with the bromothia- 
zole 17 to yield the olefin 19. 

EXAMPLE 7 

The synthesis of 2-methyl-4-bromothiazole 17 from the 
known 2,4-dibromothiazole is outlined in Scheme 8. lliis 
2,4-dibromothiazole has been previously reported by 
Reyoaud, P., Robba, M. and Moreau, R. C. in Sur unc 
Nouvelle Synthese du Cycle ThiazoUque, 295 Bull. Soc. 
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Chim. Fr., 1735-1738 (1962), the teachings of which are 
hereby incorporated by reference. 

EXAMPLE 8 

This example illustrates the stereoselective construction ^ 
of the C12-C13 cis-olefinic bond, the process of which is 
outlined in Scheme 9. 'ITie method shown provides maxi- 
mum control over the olefin geometry as well as furnishes 
common intermediates in the synthesis of both epothilones 
A and B. This method is also amenable to introduction of 
afianity labels at C-12. 

The C12-C13 olefin is constructed in the form of Z-vinyl 
iodides A that can be obtained from vinylstannanes with 
defined configurations. The vinyl stannanes will be accessed 
by using the chemistry reported by Upshutz el al., in ^5 
Preparation of Z- Vinylstannanes via Hydro zirconation of 
Stannylacetylenes, 33 Tetrahedron Lett., 5861-5864 (1992) 
and Lipshulz, B. H. and Keil, R. in Hydrozirconation/ 
Transmetalation of Acetylenic Stannanes. New 1,1- 
Dimetallo Reagents, 220 Inorganica Chimica Acta, 41- 44 20 
(1994), the teachings of which are hereby incorporated by 
reference. The chemistry utilizes a 1,1 -dimetallo species as 
a stereodefined 1,1-vinyl dianion synthon. 

The synthesis starts with a Corey-Fuchs reaction (PPhj, 
CBr4), as described by Corey, E. J. and Fuchs, P. L, A 25 
Synthetic Method for Formyl to Elhynyl Conversion, Tet- 
rahedron Lett., 36:3769-3772 (1972) of the known aldehyde 
22, followed by base-induced elimination and quenching of 
the lithium acelylide with tributyltin chloride (BujSnCl) to 
yield alkynylstannane 23. The 1,1-dimetallo species 24 is 
generated by hydrozirconation of the alkynyl stannane 23 
using chlorohydridozirconocene (Schwartz reagent). An 
aqueous quench provides Z-vinylstannane 25a or 
alternatively, selective transmetalation with a higher order 
cuprate, followed by addition of an electrophile (MeOTf in 
case of epothilone B) to the resultant species provides the 
a-substituted vinylstannane 25b with high stereoselectivity. 
The Z-vinylstannanes 25a and 25b can then be transformed 
to the corresponding vinyl iodides A utilizing iodine with 
retention of configuration. 

In summary, although the vinyl iodides A are previously 
reported compounds as evidenced by the teachings of 
Schinzer, D. et al., in Total Synthesis of (-)-Epothilone A, 36 
Angew. Chem., Int. Ed. Engl., 523-524 (1997) and Schinzer, 
D., Bauer, A., and Scheiber, J., Synthesis of Epothilones: 
Stereoselective Routes to Epothilone B, Synlett, 861-864 45 
(1998), the teachings of both are hereby incorporated by 
reference, the method to synthesize it from the known 
aldehyde 22 is different from conditions reported in other 
total syntheses of epothilones. In addition, the above men- 
tioned hydrozirconation reactions provides precise control 
over the geometry of the C12-C13 olefin bond and this 
methodology constitutes a unique way to construct this 
double bond. Also the use of other electrophiles in the 
transmetalation reaction with the intennediate species 24 
allows for the synthesis of various analogs modified at CI 2 
position of the epothilones as illustrated in Formula E. 

EXAMPLE 9 

This example and the next (Example 10) illustrate 
C11-C12 bond construction including coupling of the go 
Cl-Cll (segment D) and C12-C20 (segment A) subunits 
and completion of the total synthesis. 

Having defined all the requisite stercoccntcrs and 
geometries, the stage is set for the union of the Cl-Cll and 
the C12-C20 subunits. The C11-C12 bond connection is 65 
achieved by the B-alkyl Suzuki reaction of the Cl-Cll 
olefin D with the vinyl iodides A shown in Scheme 10 to 



afford the precursors 26 for the synthesis of epothilone A and 
B. This B-alkyl Suzuki reaction is described by Miyaura, N., 
and Suzuki, A. in Palladium-Catalyzed Cross-Coupling 
Reactions of Organoboron Compounds, 95 Chem. Rev. 
2457-2483 (1995), the teachings of which are hereby incor- 
porated by reference. Thus, hydroboration of the olefin D 
with 9-BBN followed by coupling of the corresponding 
organoborane with the vinyl iodides A in presence of [PdClj 
(dppQj] would yield the olefin 26. 
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Scheme 12 
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EXAMPLE 10 

Finally the conversion of the coupled C1-C20 products 
26 to epothilones A and B is accomplished using the 
previously reported procedures of Nicolaou, K. C. et al.; in 
Total Syntheses of Epothilones A and B via a 
Macrolactonization-Based Strategy 119 J. Am. Chem. Soc, 
7974-7991 (1997), the teachings of which are hereby incor- 
porated by reference. Thus selective deprotection at CI by 
camphorsulfonic acid (CSA), shown in Scheme 11, followed 
by sequential oxidation of the primary alcohol first under 
Swero conditions followed by NaClOj— NaH2P04 fur- 
nishes the known acids. Selective deprotection of the TBS 
ether at C15 using tetrabutyl ammonium fluoride yields the 
hydroxy acids 27. The key macrolactonization step is then 
carried out using the Yamaguchi method as descibed by 
Inanaga, J. el al., in A Rapid Esterificalion by Means of 
Mixed Anhydride and its Application to Large-ring 
Macrolactonization, 52 Bull. Chem. Soc. Jpn, 1989-1993 
(1979), the teachings of which are hereby incorporated by 
reference, affording the known 16-membered macrolides 28. 
The final stages in the synthesis involve the deprotection of 
both the TBS groups from the macrolides 28 (TEA, CH2CI2) 
and the diastereoselective cpoxidation of the C12-C13 
double bond with epoxidizing agents such as dimethyldiox- 
irane or methyl(trifluoromcthyl)dioxiranc. 




As shown in Formulae C, D and E, varioiis modified 
segments can be employed during the syntheses of the 
individual segments (C, B and A). All of these modified 
segments can then be connected using the bond connections 
(Aldol reaction and the B-alkyl Suzuki reaction) highlighted 
in this total synthesis. This would provide numerous 
homologs, analogs and afiGnity labels of the epothilones. All 
references noted herein are expressly incorporated by ref- 
erence. 

Acronym and Symbol Definitions 

In order to facilitate the preceding discussion various 
acronyms and symbols have been used. These have the 
following definitions. 



Ac 


acetyl 


Ar 


aromatic 


9-BBN 


9-borabtcyclo[3.3.1]conane 


(S)-B[NAP 


(S>(-)-l,l'bi-2-naphthal 


fia 


benzyl 


BnO 


bcnzyloxy 


Bu 


butyl 


n-BuU 


n-butyl lithium 


CpjZrClj 


ziiGonocene dichloride 




chlorohydridozirconoceoc 


CSA 


campborsulfonic acid 


DDQ 


2,3-dichlon>-5,6-dicyano-l ,4-bcazoquinoac 


DIBAL-H 


dlisobutylaluminum hydride 


DIEA 


diisopropylcthylamine 
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{+)DIPT 


diisqjropyl tartrate 


DMF 


NJ^-dimethylformamide 


DMPU 


l^-dimethyl-3,4,5,6-tetrahydro-2(lII)pyiiinidiiioiie 


DMSO 


dimethylsulfoxide 


El 


ethyl 


HBTU 


O-(ben20triflZ0l-J-y-l)-N,N,N"^ tetramethyluronium 




bexafluoro phosphate 


HF 


hydrogen fluoride 


HMPA 


hexamethylpho^hoTamidc 


IDA 


lithium diisopropylaDUde 


LHMDS 


lithium hcxamcthyldisilazide 


LICA 


lithium isopropylcyclohexylamide 


m-CPBA 


meta-chloropcrox^enzoic acid 


MDR 


multi-drug resistant 


Me 


methyl 


McOTf 


methyl triflate 


MS 


molecular sieves 


MsCI 


mesy) chloride 


NaHMDS 


Godiutn hexamethyldisilazide 


NMO 


4-methytmorpho1inc N-oxide 


OTf 


trifluorome thane sulfonate 


Pdaj(dpp03 


dicbloro[],r-Bis(diphcnylp hosp hin o) ferro oen e] 




palladium II 


pdCPPh,), 


tetiakts (trtphenylphosphinc) palladium (0) 


Ph 


phenyl 


PPh, 


trtphenylphosphinc 


PMB 


para-methoxybenzyl 


Ru cat 


bis-(2 methyl allyl) cycloocta<l^diene ruthenium (11) 


TBAF 


tetrabutylammonium fluoride 


TBHP 


tertbutyl hydroperoxide 


TBS 


tertiary-butyldimcthylsilyl 
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-continued 



TBSCl 


te rtiaiy- bu t y Idiinc thy 1e il y 1 chl ortdc 


TBSOTf 


tertiary-butyldimcthylailyl txiflate 


TFA 


trifluoroacetic acid 


THF 


tetrahydrofuran 


ri(0-iPi)4 


ibanium isopropoxide 


TPAP 


tctrapropylammontum pcrruthenate 



We claim: 

1. A method of synthesizing an epothilone precursor of the 
formula 




oi" o 



where n^ is an integer from 0-4, R4 is selected from the 
group consisting of H, Cl-ClO straight and branched 
chain alkyi groups, substituted and unsubstituted ben- 
zyl groups, and Cl-ClO alkoxy groups, R5 and Rg are 
each individually and respectively selected from the 
group consisting of H, substituted and unsubstituted 
aryl and heterocyclic groups, Cl-ClO straight and 
branched chain alkyl groups, and substituted and 
unsubstituted benzyl groups, R7 is H or straight or 
branched chain Cl-ClO alkyl groups, and P is a 
protective group, comprising the steps of: 
providing a p-keto ester of the formula 




o o 



where n^, R4, R5, Rg, R, and P' are as defined above, 
and T is an alkyl group; 
preferentially hydrogenating the C3 keto group of said 
P-keto ester to form the corresponding hydroxyester 
by reacting the p-keto ester with a hydrogenating 
agent in the presence of an asymmetric oiganome- 
tallic molecular catalyst comprising a metal atom or 
ion having one or more chiral Ugands coupled 
thereto; and 

converting the hydroxyester to said epothilone precur- 
sor. 

2. The method of claim 1, said hydrogenating agent being 
hydrogen. 

3. The method of claim 1, said hydrogenating step being 
carried out at a pressure of from about 30-100 psi. 

4. The method of claim 3, said pressure being from about 
50-75 psi. 

5. The method of claim 1, said hydrogenating step being 
carried out at a temperature of from about 40-100" C. 

6. The method of claim 5, said temperature being from 
about 50-75° C. 

7. The method of claim 1, said hydrogenating step being 
carried out for a period of from about 12 hours to 5 days. 

8. The method of claim 7, said period being from about 
2-5 days. 

9. The method of claim 1, including the step of agitating 
the reaction mixture during said hydrogenation step. 

10. The method of claim 1, said catalyst being present 
during said hydrogenation step at a level of from about 5 mol 
% to about 25 mol %. 
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11. The method of claim 1, said converting step compris- 
ing the steps of: 

removing the P' protective group from said hydroxy ester 
to form a diol; 

^ protecting the oxygen atoms of said diol to form a 
protected diol; 
reducing the ester function of said protected diol to a 
primary alcohol; 
jQ oxidizing the primary alcohol to an aldehyde; 

reacting the aldehyde with a Grignard reagent having said 
R4 group coupled thereto to form a secondary alcohol; 
and 

oxidizing the secondary alcohol to form said epothilone 
15 precursor. 

12. The method of claim 11, said P removal step com- 
prising the steps of reacting said hydroxyester with hydro- 
gen in the presence of a catalyst at a pressure of from about 
40-100 psi. 

20 13. The method of claim 12, said catalyst selected from 
the group consisting of Pd(0H)2 and Pd/C. 

14. The method of claim 11, said oxygen atom protecting 
step comprising the steps of reacting said diol with TBS 
chloride in a solvent at a temperature of from about 40-100° 

25 C. for a period of from about 30-60 hours. 

15. The method of claim 11, said ester function reducing 
step comprising the steps of reacting said protected diol with 
a reducing agent DIBAL-H at a temperature of from about 
-20 to -85' C. 

30 16. The method of claim 11, said primary alcohol oxidiz- 
ing step comprising the steps of reacting the primary alcohol 
with 4-methyhnorpholine N-oxide and a catalytic amount of 
tetrapropylammonium perruthenate. 

17. A method of connecting epothilone precursors com- 
35 prising the steps of: 

providing a first epothilone precursor of the formula 




40 = 
R3 

where Uj is an integer from 1-4, and R3 is selected from 
the group consisting of H, Cl-ClO straight and 
branched chain alkyl groups, substituted and unsub- 
stituted benzyl groups, and Cl-ClO alkoxy groups; 
providing a second epothilone moiety of (he formula 

OP' o 

55 

where n^ is an integer from 0-4, R4 is selected from the 
group consisting of H, Cl-ClO straight and 
branched chain alkyl groups, substituted and unsub- 
stituted benzyl groups, and Cl-ClO alkoxy groups, 

60 R3 and Rg are each individually and respectively 

selected from the group consisting of H, substituted 
and unsubstituted aryl and heterocyclic groups, 
Cl-ClO straight and branched chain alkyl groups, 
and substituted and unsubstituted benzyl groups, R7 

65 is H, or straight or branched chain Cl-ClO aUtyl 

groups, and P' is a protective group, comprising the 
sleps of: 



T 
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reacting said second epothilone precursor with a base 

to form an enolate; and 
reacting said eoolate with said first epothilone pre- 

cusor. 

18. The method of claim 17, said enolate- forming and 5 
enolate-first epothilone reactions comprising the steps of 
initially cooling said base to a temperature of at least about 
-75° C., and adding said second precursor to the cooled 
base, slowly elevating the temperature of the base-second 
precursor mixture to about -40" C, and thereafter recooling 
the mixture to at least about -75* C. and adding said first 
precursor thereto. 

19. A method of synthesi2Mg a vinyl halide epothilone 
precursor having the formula 




OP' 



where ng is an integer from 1-4, R is selected from the 
group consisting of C4-C8 cycloalkyl, and substituted 
and unsubstituted aromatic and heteroaromatic groups, 
Rj and R2, are each individually and respectively 25 
selected from the group consisting of H, Cl-ClO 
straight and branched chain alkyl groups, substituted 
and unsubstituted ben2yl groups, and Cl-ClO alkoxy 
groups, F is a protective group, and M is either 
bromine or iodine, comprising the steps of: 
providing an alkynyl ketone of the formula 



30 
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40 



45 



wherein ng, M and are as previously defined; 
asymmetrically reducing said alkynyl ketone to create 

the alcohol form of the alkynyl ketone; 
reacting said alcohol form with a reagent system 

selected from the group consisting of (RJaAl and 

zirconocene dichloride or stannyl cupralion reagent 

and Rj-halide to form a vinyl metal species; 
reacting said vinyl metal species with an aryl or vinyl 

halide to form an allyl alcohol; and 
converting said allyl alcohol to said halide epothilone 

precursor. 

20. The method of claim 19, said asymmetric reduction 
step comprising the step of creating the protected alcohol 
form of the alkynyl ketone. 

21. The method of claim 19, said Rj -halide being selected 
from the group consisting of R^Br and R^I. 

22. The method of claim 19, said conversion step includ- 
ing the step of initially converting the allyl alcohol to an 
alkynyl stannanc, reducing said alkynyl stannane with chlo- 
rohydridozirconocene to form a 1,1-dimetallo Zr-Sn species. 

23. The method of claim 22, including the steps of 
hydrating said dimetallo species to form a vinyl stannane, 
and then quenching the vinyl stannane with either iodine or 
bromine. 
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24. The method of claim 22, including the steps of 
transmetallating said dimetallo species with an organocu- 
prate and then quenching with an alkyl-Rj-OTf, and there- 
after quenching with either iodine or bromine. 

25. The method of claim 1, said protecting group being 
selected from the group consisting of tcrt-butyldimethylsilyl 
protecting groups, benzyl protecting groups, and para- 
methoxybenzyl protecting groups. 

26. A method of hydrogen ating a P-keto ester comprising 
the steps of: 

providing a p-keto ester of the formula 



R5 R6 




where % is an integer from 0-4, R5 and R^ are each 
individually and respectively selected from the 
group consisting of H, substituted and unsubstituted 
aryl and heterocyclic groups, Cl-ClO straight and 
branched chain alkyl groups, and substituted and 
unsubstituted benzyl groups, is H or straight or 
branched chain Cl-ClO alkyl groups, T is an alkyl 
group, and P' is a protective group; and 
preferentially hydrogen ating the C3 keto group of said 
p-keto ester to form the corresponding hydroxyester by 
reacting the P -keto ester with a hydrogcnating agent in 
the presence of an asymmetric organometallic molecu- 
lar catalyst comprising a metal atom or ion having one 
or more chiral ligands coupled thereto. 

27. The method of claim 26, said hydrogenating agent 
being hydrogen. 

28. The method of claim 26, said hydrogenating step 
being carried out at a pressure of from about 30-100 psi. 

29. The method of claim 28, said pressure being from 
about 50-75 psi. 

30. The method of claim 26, said hydrogenating step 
being carried out at a temperature of from about 40-100° C. 

31. The method of claim 30, said temperature being from 
about 50-75° C. 

32. The method of claim 26, said hydrogenating step 
being carried out for a period of from about 12 hours to 5 
days. 

33. The method of claim 32, said period being from about 
2-5 days. 

34. The method of claim 26, including the step of agitat- 
ing the reaction mixture during said hydrogenation step. 

35. The method of claim 26, said catalyst being present 
during said hydrogenation step at a level of from about 5 mol 
% to about 25 mol %. 

36. The method of claim 26, said catalyst selected from 
the group consisting of Pd(0H)2 and Pd/C. 

37. The method of claim 26, said protecting group being 
selected from the group consisting of tert-butyldimethylsilyl 
protecting groups, benzyl protecting groups, and para- 
methoxybenzyl protecting groups. 



